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METHOD AND APPARATUS FOR
PERFORMING SPINAL SURGERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a division of U.S. patent application
Ser. No. 14/029,724, filed Sep. 17, 2013; which 1s a con-

tinuation of Ser. No. 13/204,583, filed Aug. 5, 2011 (now
U.S. Pat. No. 8,535,320), which 1s a continuation of U.S.
patent application Ser. No. 12/927,415, filed on Nov. 10,
2010 (now U.S. Pat. No. 8,357,184), which claims the
benefit of priority from U.S. Provisional Patent Application
Ser. No. 61/259,825, filed Nov. 10, 2009. The contents of all
of the foregoing are each incorporated herein by reference.

FIELD

This application relates to implants, instruments, and
methods for performing surgical procedures on the spine,
including one or more of creating an operative corridor to
the spine, delivering implants to the spine, fusing one or
more segments ol the spine, and fixing one or more seg-
ments ol the spine.

BACKGROUND

Spinal discs serve to cushion and stabilize the spine 1n
addition to distributing stress and damping cyclic loads. The
discs may become damaged due to imjury or age and
symptoms of a damaged disc may include severe pain,
numbness or muscle weakness. Fusion 1s one method of
reducing the magnitude of the symptoms of damaged spinal
discs, or for any pathology that would suggest direct spinal
decompression as a treatment. The primary goals of fusion
procedures are to provide stability between the vertebrae on
either side of the damaged disc and to promote natural fusion
of those adjacent vertebrae. One of the most common fusion
techniques utilized 1s the transforaminal lumbar interbody
fusion (TLIF) in which the intervertebral disc space 1is
accessed and operated on through a posterolateral approach.
Generally, the TLIF procedure i1s performed through an
“open” approach requiring a large incision and the separa-
tion and/or cutting of muscle and tissue, resulting in long
recovery times and post-operative pain related to the pro-
cedure. To reduce the drawbacks associated with open
procedures, minimally mvasive techniques that reduce inci-
sion size and muscle cutting are becoming more popular.
However, working through the smaller exposures brings
other challenges, for example, decreased visualization and
decreased flexibility 1n manipulating surgical instruments,
among others, and thus the skill, training, and experience
required for performing minimally invasive TLIF proce-
dures 1s significantly higher than for open surgeries. A need
therefore exists for improvements relating to the perfor-
mance of minimally mvasive TLIF procedures. The instru-
ments and methods described herein are directed to address-
ing these needs.

SUMMARY

The present application describes implants, instruments,
and methods for performing surgical procedures on the
spine, including one or more of creating an operative cor-
ridor to the spine, delivering implants to the spine, fusing
one or more segments of the spine, and fixing one or more
segments of the spine.
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According to one example, there 1s described a first
method for attaching a fixation system to the spine of a
patient. The fixation system includes at least two bone
anchors and a spinal rod linking the at least two bone
anchors. The method includes connecting a first bone anchor
to a first retractor blade, advancing the first bone anchor and
first retractor blade together to a first spinal bone, and
anchoring the first bone anchor to the first spinal bone. The
method also includes connecting a second bone anchor to a
second retractor blade, advancing the second bone anchor
and second retractor blade together to a second spinal bone,
and anchoring the second bone anchor to the second spinal
bone. The method also includes connecting a retractor body
to the first retractor blade and the second retractor blade and
operating the retractor body to expand an operative corridor
formed between the first retractor blade and second retractor
blade from the skin level of the patient to the spine. The
method also includes linking the first bone anchor and the
second bone anchor with a spinal rod.

According to another aspect of the first method the spinal
bone 1s a first vertebra and the second spinal bone 1s a second
vertebra separated from the first vertebra by an intervertebral
disc space, and wherein the first spinal bone, second spinal
bone, and intervertebral disc space comprise a first spinal
level.

According to another aspect of the first method the first
bone anchored 1s anchored through a pedicle of the first
vertebra and the second bone anchor 1s anchored through a
pedicle of the second vertebra.

According to another aspect of the first method, the
method may further include adjusting the angle of the
operative corridor.

According to another aspect of the first method, the first
method may be performed wherein the angle of the opera-
tive corridor 1s adjusted until the operative corridor 1s
parallel to the intervertebral disc space.

According to another aspect of the first method, adjusting
the angle of the operative corridor 1s accomplished by
moving a proximal end of the first retractor blade and a
proximal end of the second retractor blade in the same
direction while a distal end of the first retractor blade
remains in the same general position adjacent the first
pedicle and a distal end of the second retractor blade remains
in the same general position adjacent the second pedicle.

According to another aspect of the first method the angle
of the operative corridor 1s adjusted 1n one of a cephalad or
caudal direction.

According to another aspect of the first method the angle
of the operative corridor 1s adjusted 1n one of an anterior and
posterior direction.

According to another aspect of the first method the angle
of the operative corridor 1s adjusted in both one of a
cephalad and caudal direction and in one of an anterior and
posterior direction.

According to another aspect of the first method the first
retractor blade 1s connected to the first bone anchor in a
polyaxial engagement and the second retractor blade 1s
connected to the second bone anchor 1n a poly axial engage-
ment.

According to another aspect of the first method the first
bone anchor 1s connected to the first retractor blade via a first
hoop shim slidably engaged to an interior surface of said first
retractor blade and the second anchor 1s connected to the
second retractor blade by a second hoop shim slidably
engaged to an 1terior surface of said second retractor blade.

According to another aspect of the first method each of the
first hoop shim and the second hoop shim include a shim
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portion that shidably engage the respective retractor blade
and a hoop portion that receives a head a respective bone
anchor therethrough.

According to another aspect of the first method each of the
first hoop shim and the second hoop shim have an unlocked
configuration that allows the head of the respective bone
screw to pass therethrough and a locked configuration
wherein the head of the respective bone screw 1s secured to
the hoop shim.

According to another aspect of the first method the
retractor body 1s further operated to distract the interverte-
bral disc space.

According to another aspect of the first method, the
method may include advancing a third retractor blade
towards the spine, connecting the third retractor blade to the
retractor body, and operating the retractor body to expand
the si1ze of the operative corridor.

According to another aspect of the first method, the
method may 1include advancing a third retractor blade
towards the spine, connecting the third retractor blade to the
retractor body, and operating the retractor body to further
expand the size of the operative corridor.

According to another aspect of the first method the first
and second retractor blades expand the operative corridor 1n
cramally and caudally and the third retractor blade expands
the operative corridor medially.

According to another aspect of the first method the third
retractor blade clears tissue from the facet, lamina, and base
of the spinous process as the third retractor blade retracted
medially.

According to another aspect of the first method the third
blade follows the topography of the facet, lamina, and base
of the spinous process as the third retractor blade 1s retracted
medially.

According to another aspect of the first method the third
retractor blade includes a floating blade extension with a
serrated distal end that curves to form a concave backward
tacing lip.

According to another aspect of the first method, the
method may include applyving downward pressure to the
floating blade extension of the third retractor blade as the
third retractor blade 1s retracted medially to facilitate clear-
ing of the tissue from the facet, lamina, and base of the
SpINOUS Process.

According to another aspect of the first method anchoring
the first bone anchor to the first spinal bone comprises
advancing a first anchor portion nto said first spinal bone
and subsequently attaching a first receiver portion to the first
anchor portion and anchoring the second bone anchor to the
second spinal bone comprises anchoring a second anchor
portion to the second spinal bone and subsequently attaching,
a second recerver portion to the second anchor portion.

According to another aspect of the first method the first
anchor portion 1s connected to the first retractor blade via a
first hoop shim having a shim element that slidably engages
the first retractor blade and a hoop element the secures the
first anchor element, and wherein the second anchor portion
1s connected to the second retractor blade via a second hoop
shim having a shim element that slidably engages the second
retractor blade and a hoop element the secures the second
anchor portion.

According to another aspect of the first method, the
method may include removing the first hoop shim from the
first anchor portion prior to attaching the first receiver to the
first anchor portion and removing the second hoop shim
from the second anchor portion prior to attaching the second
receiver to the second anchor portion.
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According to another aspect of the first method, the
method may include operating on the first spinal level
through the operating corridor prior to linking the first bone
anchor and the second bone anchor with the spinal rod.

According to another aspect of the first method operating
on the first spinal level includes one or more of a facetec-
tomy, decompression, annulotomy, and discectomy.

According to another aspect of the first method at least a
discectomy 1s performed and an implant 1s inserted into the
intervertebral space after the discectomy.

According to another aspect of the first method the
implant 1s positioned obliquely within the intervertebral
space.

According to another aspect of the first method, the
method may include operating the retractor body to distract
the intervertebral disc space prior to performing the discec-
tomy.

According to another aspect of the first method operating
the retractor body to distract the intervertebral space
includes advancing a first bolt disposed through a portion of
the first retractor blade into contact with the retractor body
to prevent mnward tilting of the first retractor blade, advanc-
ing a second bolt disposed through a portion of the second
retractor blade 1into contact with the retractor body to prevent
inward tilting of the second retractor blade, and rotating a
knob to increase the distance between a first arm of the
retractor body engaged to the first retractor blade and a
second arm of the retractor blade engaged to the second
retractor blade.

According to another aspect of the first method the first
retractor blade and the second retractor blade may be dif-
ferent lengths.

According to another aspect of the first method, the
method may include connecting a third bone anchor to a
fourth retractor blade, advancing the third bone anchor and
fourth retractor blade together to a third pedicle adjacent the
second pedicle, anchoring the third bone anchor to the third
pedicle, and linking the third bone anchor together with the
first bone anchor and second bone anchor with the spinal
rod, wherein the third pedicle 1s part of a third spinal bone
separated from the second spinal bone by a second interver-
tebral disc space, and wherein the second spinal bone, third
spinal bone, and second intervertebral disc space comprise
a second spinal level.

According to another aspect of the first method the steps
of connecting a third bone anchor to a fourth retractor blade,
advancing the third bone anchor and fourth retractor blade
together to a third pedicle adjacent the second pedicle, and
anchoring the third bone anchor to the third pedicle are
performed after positioning the implant in the intervertebral
disc space and before linking the first bone anchor, second
bone anchor and third bone anchors with the spinal rod.

According to another aspect of the first method the first
bone anchor includes a first anchor portion and a first
receiver that 1s attached to the first anchor portion after the
first anchor portion 1s anchored in the first pedicle, the
second bone anchor includes a second anchor portion and a
second recerver that 1s attached to the second anchor portion
alter the second anchor portion 1s anchored in the second
pedicle, and the third bone anchor includes a third anchor
portion and a third receiver that 1s attached to the third
anchor portion after the third anchor portion 1s anchored 1n
the third pedicle.

According to another aspect of the first method the first
anchor portion 1s connected to the first retractor blade via a
first hoop shim having a shim element that slidably engages
the first retractor blade and a hoop element that secures the
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first anchor element, wherein the second anchor portion 1s
connected to the second retractor blade via a second hoop
shim having a shim element that slidably engages the second
retractor blade and a hoop element that secures the second
anchor portion, and wherein the third anchor portion 1is
connected to the fourth retractor blade via a third hoop shim
having a shim element that slidably engages the fourth
retractor blade and a hoop element that secures the third
anchor portion.

According to another aspect of the first method, the
method may include disconnecting the first retractor blade
and the second retractor blade from the retractor body and
reconnecting the retractor body to the second retractor blade
and the fourth retractor blade and operating the retractor
body to expand an operative corridor formed between the
second retractor blade and the fourth retractor blade from the
skin level of the patient to the spine.

According to another aspect of the first method the second
retractor blade includes multiple connector elements such
that the second retractor blade can be connected to the
retractor body in both right-facing and left-facing directions.

According to another aspect of the first method, the
method may include disconnecting the first retractor blade
and the second retractor blade from the retractor body,
replacing the second retractor blade with a fifth retractor
blade, and reconnecting the retractor body to the fifth
retractor blade and the fourth retractor blade and operating,
the retractor body to expand an operative corridor formed
between the fifth retractor blade and the fourth retractor
blade from the skin level of the patient to the spine.

According to another aspect of the first method replacing
the second retractor blade with a fifth retractor blade
includes the steps of removing the second retractor blade
from a track insert connected to the second hoop shim and
inserting the fourth retractor blade over the track insert.

According to another aspect of the first method, the
method may include engaging a track guide to the track
insert before removing the second retractor blade and 1nsert-
ing the fifth retractor blade along the track guide to facilitate
engagement of the fifth retractor blade with the track insert.

According to another aspect of the first method, the
method may include operating on the second spinal level
through the operating corridor prior to linking the first bone
anchor, second bone anchor, and third bone anchor with the
spinal rod.

According to another aspect of the first method operating
on the second spinal level includes performing one or more
ol a facetectomy, decompression, annulotomy, and discec-
tomy.

According to another aspect of the first method at least a
discectomy 1s performed and a second implant i1s inserted
into the second intervertebral space after the discectomy.

According to another aspect of the first method a second
implant 1s positioned obliquely within a second interverte-
bral space.

According to another aspect of the first method, the
method may include operating the retractor body expand the
operating corridor to reexpose the first bone anchor, discon-
necting the second anchor portion and fifth blade, discon-
necting the third anchor portion and fourth blade, and
attachung the first recerver to the first anchor portion, attach-
ing the second receiver to the second anchor portion, and
attaching the third receiver to the third anchor portion, prior
to linking the first bone anchor, second bone anchor, and
third bone anchor with the spinal rod.

According to another example, there 1s described a second
method for performing a spinal fusion procedure on a spinal
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segment of a human spine, the spinal segment including at
least a first vertebra and a second vertebra separated from the
first vertebra by an intervertebral disc space, including the
steps of (a) anchoring a first anchor portion to a first pedicle,
the first anchor portion being connected to a first retractor
blade of a retractor assembly; (b) anchoring a second anchor
portion to a second pedicle, the second anchor portion being
connected to a second retractor blade of the retractor assem-
bly; (¢) connecting the first retractor blade to a first arm of
a retractor body of the retractor assembly and connecting the
second retractor blade to a second arm of the retractor body;
(d) operating the retractor body to increase the distance
between the first arm and the second arm to expand an
operating corridor between the first retractor blade and the
second retractor blade; (e) advancing a third retractor blade
through the operative corridor to the spinal segment; con-
necting the third retractor blade to a translating arm of the
retractor body, and operating the retractor body to translate
the translating arm and further expand the size of the
operating corridor; (1) preparing the intervertebral disc space
to receive an 1mplant; (g) implanting a fusion implant 1n the
intervertebral disc space; (h) disconnecting the first retractor
blade from the first anchor portion and attaching a first
receiver portion to the first anchor portion; (1) disconnecting
the second retractor blade from the second anchor portion
and attaching a second receiver portion to the second anchor
portion; (1) inserting and locking a rod into the first recetver
portion and second receiver portion; and (k) removing the
first and second retractor blades from the operative corridor
and closing the operative corndor.

According to another aspect of the second method the first
anchor portion 1s connected to the first retractor blade via a
hoop shim slidably engaged with the first retractor blade.

According to another aspect of the second method the
second anchor portion 1s connected to the second retractor
blade via a hoop shim slidably engaged with the second
retractor blade.

According to another aspect of the second method, the
method may include connecting the first anchor portion to
the first retractor blade by inserting a head of the first anchor
portion into a hoop member of the hoop shim and engaging
a shim element of the hoop shim to the first retractor blade
and connecting the second anchor portion to the second
retractor blade by inserting a head of the second anchor
portion to a hoop element of a hoop shim and engaging a
shim element of the hoop shim to the second retractor blade.

According to another aspect of the second method engag-
ing a shim element of a hoop shim to one of the first and
second retractor blades 1includes inserting the shim element
into a track formed along an interior face of the retractor
blade and sliding the shim element down the track until the
shim element sits 1n a distal most position along the track.

According to another aspect of the second method stops
at the distal end of the track prevent the hoop shim from
disengaging the retractor blade from the distal end of the
blade.

According to another aspect of the second method, may
include manipulating the hoop shim connected to one of the
first and second anchor portions into a locked configuration
that prevents disassociation of the anchor portion and the
hoop shim.

According to another aspect of the second method
mampulating the hoop shim into a locked position includes
slidably advancing a hoop portion of the hoop shim towards
the shim element.

According to another aspect of the second method slid-
ably advancing the hoop portion towards the shim element
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causes a flange of the hoop portion to deflect inwards which
causes a dimension of an anchor head receiving aperture 1n
the hoop member to decrease.

According to another aspect of the second method the
hoop shim 1s manipulated into the locked position after the
hoop shim 1s inserted into a track formed along an interior
face of one of the first and second retractor blades and
advanced down the track to a distal end of the retractor

blade.

According to another aspect of the second method may
include connecting an inserter to the one of the first bone
anchor first retractor blade and second bone anchor second
retractor blade combinations

According to another aspect of the second method the
shim elements slidably engage.

According to another example, a first system includes a
retractor for performing and creating an operative corridor to
a surgical target site 1s described. The system includes a
retractor body which includes a first arm; a second arm, the
first arm and the second arm being movable relative to each
other 1n a first direction; and a center arm movable relative
to the first arm and the second arm 1n a second direction
orthogonal to the first direction; a first retractor blade
attachable to first arm: a second retractor blade attachable to
the second arm; and a third retractor blade attachable to the
center arm, wherein the third retractor blade i1s pivotable
relative to the center arm 1n the first direction.

According to another aspect of the first system the first
and second retractor blades are registerable to first and
second pedicle of the spine.

According to another aspect of the first system the first
and second retractor blades are registerable to the spine via
a poly axial engagement.

According to another aspect of the first system the poly
axial engagement 1s with a hoop shim.

According to another example, a second system for cre-
ating an operative corridor to a surgical target site 1is
described. The second system includes a retractor body, the
retractor body including a first arm; a second arm, the first
arm and the second arm being movable relative to each other
in a first direction; and a center arm movable relative to the
first arm and the second arm 1n a second direction orthogonal
to the first direction. The second system also includes a first
retractor blade attachable to first arm; a second retractor
blade attachable to the second arm; and a third retractor
blade attachable to the center arm, wherein a distal end of the
first retractor blade 1s configured to be temporarily anchored
in position relative to a first spinal bone and a proximal end
of the first retractor blade 1s pivotable relative to the first
arm, and wherein a distal end of the first retractor blade 1s
configured to be temporarily anchored 1n position relative to
a second spinal bone and a proximal end of the second
retractor blade 1s pivotable relative to the second arm.

According to another example, a third system 1s described
including a hoop shim for use with a surgical tissue retractor
system. The hoop shim includes a shim portion having at
least one feature that releasably associates with a retractor
blade of the surgical retractor system; and a hoop portion
having a hoop member that releasably associates with the
head of a bone anchor.

According to another aspect of the third system the hoop
portion and the shim portion are slidably engaged.

According to another aspect of the third system the hoop
member extends orthogonally to the shim portion.

According to another aspect of the third system the hoop
member has an unlocked position which allows passage of

10

15

20

25

30

35

40

45

50

55

60

65

8

the bone anchor head and a locked position which prevents
passage of the bone anchor head.

According to another aspect of the third system the shim
portion and the hoop portion are slidably engaged and the
locked position i1s entered by shiding the hoop portion
towards a proximal end of the shim portion.

According to another aspect of the third system sliding the
hoop portion towards the proximal end of the shim portion
causes a dimension of an aperture formed through the hoop
member to decrease 1n size.

According to another aspect of the third system the hoop
portion includes a first flange and a second flange extending
from the hoop member.

According to another aspect of the third system the first
flange slides within a recess formed 1n the back of the shim
clement.

According to another aspect of the third system the first
flange has a wing extension along at least portion of the first
flange extending beyond a perimeter of the recess in the back
of the shim element, the wing extension being receivable
within a track groove of the retractor blade.

According to another aspect of the third system the
second flange also slides within the recess formed in the
back of the shim element.

According to another aspect of the third system the
second flange includes a proximal portion having a first
width and an mtermediate portion having a width greater
than the first width of the proximal portion.

According to another aspect of the third system the
proximal portion always resides within the recess in the back
of the shim element.

According to another aspect of the third system the
intermediate portion resides outside the recess when the
hoop portion 1s in the unlocked position and resides 1n the
recess when the hoop portion 1s 1n the locked position.

According to another aspect of the third system the
intermediate portion has a sloped upper surface that engages
a knob situated at the entrance such that second flange
deflects toward the first flange when the hoop portion slides
into the recess.

According to another aspect of the third system deflection
of the second flange causes a dimension of an aperture
formed through the hoop member to decrease in size.

According to another aspect of the third system deflection
of the second flange causes a slight rotation of the shim
clement relative to the first flange such that a distal end of
the shim element flares out to the side opposite the first
flange and such that a width between the distal end of a wing
extension on the first flange and distal end of a wing
extension on the shim element 1s greater than the width at an
entrance between a first track groove and a second track
groove ol the retractor blade thereby preventing the hoop
shim from being slidably engaged to the retractor blade
when the hoop shim 1s locked.

According to another aspect of the third system the
intermediate portion has bottom portion sloped 1n the oppo-
site direction of the slopped top portion that permits the
intermediate portion to slide out of the recess.

According to another aspect of the third system the
bottom surface 1s steeper than the slope of the top surface.

According to another aspect of the third system the sloped
top surface of the intermediate element 1s also concave.

According to another aspect of the third system the sloped
bottom surface of the intermediate element 1s also convex.

According to another aspect of the third system the first
flange 1ncludes a tab disposed through a slot formed 1n the
shim portion.
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According to another aspect of the third system a retain-
ing plate on the tab fixes the hoop portion and the shim
portion together.

According to another aspect of the third system the hoop
member includes an insert.

According to another aspect of the third system the 1nsert
comprises a polymer material.

According to another aspect of the third system the
polymer 1s polyetheretherkeytone.

According to another aspect of the third system when the
hoop portion 1s releasably associated with the bone anchor,
the association permits the bone anchor to angularly move
relative to the hoop portion.

According to another aspect of the third system the
association permits polyaxial angulation.

According to another aspect of the third system the
polyaxial angulation encompasses 360 degrees.

According to another aspect of the third system the shim
portion and the hoop portion are provided preassembled.

According to another aspect of the third system the shim
portion has a horizontal slot formed near a proximal end.

According to another aspect of the third system the
horizontal slot has a ramped back-facing surface.

According to another example, a fourth system 1s
described including a retractor blade for use with a surgical
tissue retractor system. The retractor blade includes an
attachment portion, an upper blade portion that extends
generally orthogonally from the attachment portion, and a
lower blade portion that extends at an obtuse angle from the
upper portion such that a distal end of the lower blade
portion 1s oflset from the plane of the upper portion.

According to another aspect of the fourth system the distal
end of the lower portion 1s offset from the plane of the upper
portion by approximately one-quarter inch.

According to another aspect of the fourth system the
retractor blade 1s provided 1n multiple lengths and the angle
at which the lower blade portion extends from the upper
blade portion 1s varied to achieve a generally uniform oifset.

According to another aspect of the fourth system the
lower blade portion has a greater width than the upper blade
portion.

According to another aspect of the fourth system the
lower blade portion includes a free sliding blade extension.

According to another aspect of the fourth system the
lower blade portion has a recess in which the free sliding
blade extension slides.

According to another aspect of the fourth system the
recess has an elongated central slot in which a guide
extension of the blade extension 1s disposed.

According to another aspect of the fourth system the

recess also includes side grooves 1n which the edges of the
blade extension are received.

According to another aspect of the fourth system the
length of the central slot determines the sliding distance of
the blade extension.

According to another aspect of the fourth system the distal
end of the blade extension 1s curved toward the exterior side
ol the retractor blade.

According to another aspect of the fourth system the distal
end of the blade extension 1s also has a concave curve.

According to another aspect of the fourth system the edge
of the distal end is serrated.

According to another aspect of the fourth system the
attachment portion includes an engagement feature that
pivotally engages a retractor body.
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According to another aspect of the fourth system the
engagement feature 1s a cylindrical aperture dimensioned to
receive a cylindrical post of the retractor body.

According to another aspect of the fourth system the
attachment portion includes a set screw extending into the
cylindrical aperture to secure the retractor blade to the
retractor body.

According to another aspect of the fourth system the
attachment portion includes a second engagement feature
that connects to an insertion handle.

According to another aspect of the fourth system the
second engagement feature 1s a post with a tapered proximal
end and a cylindrical groove that 1s configured to receive a
coil spring that extends into 1n a cylinder dimensioned to
receive the post.

According to still another example there 1s described a
fifth system, the fifth system including an inserter for
anchoring a bone anchor. The inserter includes a driver
assembly having a driver shait and a distal engagement
feature that engages a drive feature of the bone anchor; and
a blade engagement member that releasably engages a
retractor blade of a retractor assembly.

According to another aspect of the fifth system the driver
shaft freely rotates relative to the engagement member such
that a retractor blade attached to the engagement member
doesn’t rotate with the bone anchor as the bone anchor is
driven into bone.

According to another aspect of the fifth system the blade
engagement member comprises a body with a pair of wing
extensions that slidably engage a pair of track grooves along
the 1nterior face of the retractor blade.

According to another aspect of the fifth system the
engagement member further comprises a detlectable tab
configured to be received within notches in the retractor
blade.

According to another aspect of the fifth system the system
further comprises a recetver member that captures a head of
the bone anchor.

According to another aspect of the fifth system the
receiver member comprises a receptacle having detlectable
flanges that detlect inward around the head of the bone
anchor to secure the bone anchor to the receiver member.

According to another aspect of the fifth system a thumb
wheel linked to the receiver member draws the deflectable
fingers into a cylinder causing the fingers to detlect.

According to another aspect of the fifth system the distal
engagement feature of the driver shait 1s housed within the
receptacle such that the distal engagement feature engages
with the drive feature of the bone anchor head when the bone
anchor head 1s secured 1n the receptacle.

According to another aspect of the fifth system the
receptacle rotates with the driver shaft.

According to another aspect of the fifth system the driver
shaft 1s cannulated.

According to another example there 1s described a sixth
system including a bone anchor, a retractor blade, and a shim
that can be assembled 1nto an anchor-blade-shim assembly.
The sixth system includes a bone anchor having an anchor
portion that includes a partially spherical head; a retractor
blade that 1s attachable to a retractor assembly, the retractor

blade having a track including first and second track grooves
formed 1n an interior face; and a shim that slidably engages
the first and second track grooves such that it 1s advanceable
down the track towards a distal end of the retractor blade and
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securely engages the partially spherical head of the bone
anchor 1n a polyaxial engagement.

BRIEF DESCRIPTION OF THE DRAWINGS

Many advantages of the present mvention will be appar-
ent to those skilled 1n the art with a reading of this speci-
fication in conjunction with the attached drawings, wherein
like reference numerals are applied to like elements and
wherein:

FIG. 1 1s a perspective view of an example of a surgical
fixation system according to one embodiment of the present
invention;

FIG. 2 1s an exploded perspective view of the surgical
fixation system of FIG. 1;

FIGS. 3-5 are front, perspective, and side views of the
surgical fixation system of FIG. 1;

FIG. 6 1s a partially exploded perspective view of an
example ol a tissue retraction system forming part of the
surgical fixation system of FIG. 1;

FI1G. 7 1s an exploded perspective view of an example of
a retractor body forming part of the tissue retraction system
of FIG. 6:

FIG. 8 1s a front perspective view of the retractor body of
FIG. 7;

FIGS. 9-10 are front perspective and rear perspective
views, respectively, of an example of a housing member
forming part of the retractor body of FIG. 7;

FIG. 11 1s a top perspective view ol the retractor body of
FIG. 8 with the housing member removed;

FI1G. 12 1s a top plan view of an example of a rack member
forming part of the retractor body of FIG. 7;

FIG. 13 1s a perspective view of the rack member of FIG.
12 with the second rack member removed;

FIG. 14 1s an exploded perspective view of a first toggle
forming part of the retractor body of FIG. 7;

FIGS. 15-16 are top plan and perspective views, respec-
tively, of a medial retraction member coupled with a second
toggle, forming part of the retractor body of FIG. 7;

FIG. 17 1s an exploded perspective view of a second
toggle forming part of the retractor body of FIG. 7;

FIGS. 18-19 are perspective views of an example of first
arm member forming part of the retractor body of FIG. 7;

FIGS. 20-21 are perspective views ol an example of a
second arm member forming part of the retractor body of
FIG. 7;

FIGS. 22-25 are various plan views ol an example of a
retractor blade assembly forming part of the tissue retraction
system of FIG. 6;

FIG. 26 1s an exploded view of the retractor blade
assembly of FIG. 22;

FIGS. 27-30 are front plan, perspective, rear perspective,
and side plan views, respectively, of a medial retractor blade
assembly forming part of the tissue retraction system of FIG.
6.

FIGS. 31-34 are perspective, exploded perspective, rear
plan, and top plan views, respectively, of an example of a
hoop shim assembly forming part of the surgical fixation
system of FIG. 1, the hoop shim assembly shown in an
unlocked position;

FIGS. 35-37 are front plan, side plan and top plan views,
respectively, of the hoop shim assembly of FIG. 31 in a
locked position and engaged to a bone anchor forming part
of the surgical fixation system of FIG. 1;

FI1G. 38 15 a front plan view of the hoop shim assembly of
FIG. 31 being coupled to a retractor blade assembly of FIG.
22
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FIG. 39 1s a front plan view of the hoop shim assembly
locked and engaged with the bone anchor of FIG. 35 coupled
to a retractor blade assembly of FIG. 22;

FIGS. 40-41 are perspective and side plan views, respec-
tively, of an example of a hoop shim removal tool according
to one embodiment of the present invention;

FIG. 42 15 a side plan view of a distal engagement region
forming part of the hoop shim removal tool of FIG. 40;

FIGS. 43-45 are font plan, back plan, and side plan views,
respectively, of the hoop shim assembly locked and engaged
with the bone anchor of FIG. 35 coupled to a retractor blade
assembly of FIG. 22, and also coupled to the hoop shim
removal tool of FIG. 40 prior to disengagement of the hoop
shim assembly from the bone anchor;

FIG. 46 1s a perspective view of the hoop shim assembly
unlocked and disengaged from the bone anchor of FIG. 35
coupled to a retractor blade assembly of FIG. 22, and also
coupled to the hoop shim removal tool of FIG. 40 after
disengagement of the hoop shim assembly from the bone

anchor;

FIGS. 47-48 and 50-33 are perspective views of the
surgical fixation system of FIG. 1 during different stages of
use on a spinal segment;

FIG. 49 15 a top plan view of the fully assembled surgical
fixation system of FIG. 1;

FIGS. 54 and 55 are front plan and perspective views,
respectively, of the fully assembled surgical fixation system
of FIG. 1 1n use on a spinal segment, particularly illustrating
the extreme angulation capability of the system;

FIG. 56 1s the front plan view of the fully assembled
surgical fixation system of FIG. 49 with the spinal segment
removed;

FIG. 57 1s a close-up plan view of the fully assembled
surgical fixation system of FIG. 49, illustrating in particular
the lockability of the system 1n an extreme angulation state;

FIGS. 58-61 are perspective views of a locked hoop shim
assembly and bone anchor combination of FIG. 35, with the
bone anchor implanted within a bony segment, 1llustrating in
particular the polyaxial engagement between the hoop shim
assembly and bone anchor;

FIGS. 62 and 63 are front plan and perspective views,
respectively, of the tissue retraction system of FIG. 6 having
retractor blades of different lengths;

FIG. 64 1s a perspective view of an example of an inserter
according to one embodiment of the present invention,
coupled to a bone anchor and hoop shim assembly of FIG.
35 and retractor blade of FIG. 22;

FIG. 65 1s a perspective view of a distal region of the
inserter, bone anchor, hoop shim assembly, and retractor
blade combination of FIG. 64;

FIG. 66 1s a perspective view of the mserter of FIG. 64;

FIG. 67 1s an exploded perspective view of the inserter of
FIG. 64;

FIGS. 68-70 are plan, perspective, and sectional views,
respectively, of a receiver member forming part of the
inserter of FIG. 64;

FIGS. 71 and 72 are perspective views of a distal end of
a recerver assembly forming part of the mserter of FIG. 64;

FIG. 73 1s a perspective view ol a recerver assembly
forming part of the inserter of FIG. 64;

FIG. 74 1s a perspective view of a driver member forming,
part of the inserter of FIG. 64;

FIG. 75 1s a perspective view of a distal end of the drniver
member of FIG. 74;

FIG. 76 1s a perspective view of a distal end of the drniver
member of FIG. 74 coupled with the receiver assembly of

FIG. 71;
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FI1G. 77 1s a perspective view of a distal end of the driver
member of FIG. 74 coupled with the receiver assembly of
FIG. 72;

FIG. 78 1s a perspective view of a blade engagement
assembly forming part of the inserter of FIG. 64;

FIG. 79 1s a perspective view of an example of a hoop
shim reattachment tool according to one embodiment of the
present ivention;

FIG. 80 1s an exploded perspective view of the hoop shim
reattachment tool of FIG. 79;

FIG. 81 1s a side cross-section view of the hoop shim
reattachment tool of FIG. 79;

FIG. 82 15 an enlarged perspective view of the distal end
region ol the hoop shim reattachment tool of FIG. 79;

FIG. 83 1s a perspective view of the distal end of a light
cable, according to one example embodiment of the present
invention;

FIG. 84 1s a perspective view of the distal end of the light
cable of FIG. 83 engaged to the retractor blade of FIG. 22
and extending over the proximal end of the hoop shim of
FIG. 31;

FIG. 85 1s a perspective view of a tissue shim according
to one example embodiment of the present invention;

FIG. 86 1s a perspective view of the tissue shim of FIG.
86 illustrating the manner in which the shim element of the
hoop shim nestles between wings of the tissue shim;

FIG. 87 1s a front view of an alternate retractor blade for
use with the surgical fixation system of FIG. 1, according to
one example embodiment;

FIG. 88 15 a front view of the retractor blade of FIG. 87
with a track insert removed;

FIG. 89 15 a front view of a track insert forming part of the

retractor blade of FIG. 87;

FIG. 90 1s a front view of the retractor blade of FIG. 87
with the hoop shim of FIG. 31 engaged;

FI1G. 91 1s a front view of the track 1nsert of FIG. 90 with
the hoop shim engaged and the remainder of retractor blade
removed;

FIG. 92 1s a perspective view of a guide instrument for use
with the retractor blade of FIG. 87, according to one
example embodiment;

FIG. 93 1s an exploded perspective view of the guide
istrument of FIG. 92

FIG. 94 1s a perspective view of the distal end of the body
portion of the guide mstrument of FIG. 92;

FIG. 95 15 a perspective view of an actuator of the guide
instrument of FIG. 92;

FIG. 96 15 a perspective view of the distal end of a driver
of the gmide instrument of FIG. 92;

FI1G. 97 1s a perspective view of the housing forming part
of the body portion of FIG. 94;

FIG. 98 15 a cross section view of the housing of FIG. 97
showing the actuator of FIG. 95 and the driver of FIG. 98
interacting therein;

FI1G. 99 15 a perspective view of the guide instrument of
FIG. 92 engaged to the retractor blade and track insert of
FIG. 87;

FIG. 100 1s an enlarged view of the distal end of the guide
mstrument of FIG. 92 engaged to the retractor blade and

track insert of FIG. 87; and

FIG. 101-108 are perspective view of the spinal fixation
system of FIG. 1 including the retractor blade of FIG. 87 1n

use during various steps of a multi-level spinal fusion
procedure.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

IMlustrative embodiments of the invention are described
below. In the interest of clarity, not all features of an actual
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implementation are described 1n this specification. It will of
course be appreciated that in the development of any such
actual embodiment, numerous implementation-specific
decisions must be made to achieve the developers’ specific
goals, such as compliance with system-related and business-
related constraints, which will vary from one implementa-
tion to another. Moreover, 1t will be appreciated that such a
development effort might be complex and time-consuming,
but would nevertheless be a routine undertaking for those of
ordinary skill 1n the art having the benefit of this disclosure.
The systems and methods for performing transforaminal
lumbar interbody fusion disclosed herein boast a variety of
inventive features and components that warrant patent pro-
tection, both individually and 1in combination.

FIGS. 1-5 1illustrate an example of a surgical fixation
system 5 according to one embodiment of the present
invention. The surgical fixation system 5 includes a variety
ol sub-components dimensioned to allow for retraction of a
soit tissue 1n order to establish an operative corridor through
a patient’s skin to a surgical target site. By way of example
only, the surgical target site referred to herein throughout 1s
an intervertebral disc space situated between two adjacent
vertebrae. Although particularly suited for use in lumbar
spine fixation, 1t will be readily appreciated by those skilled
in the art that the surgical fixation system of the present
invention may be emploved in any number of suitable
orthopedic fixation approaches and procedures, including
but not limited to anterior, posterior, lateral, anterolateral,
posterolateral, cervical spine fixation, thoracic spine fixa-
tion, as well as any non-spine fixation application such as
bone fracture treatment.

By way of example only, the surgical fixation system 5
includes a tissue retraction assembly 10, a plurality of hoop
shims 6, and a plurality of bone anchors 7. According to one
broad aspect of the present mvention, the tissue retraction
system 10 includes retractor body 12, a first retractor blade
14, a second retractor blade 16, and a third retractor blade 18
(also referred to herein throughout as the medial blade 18).
The retractor blades 14, 16, 18 may be provided 1n any size
and shape suitable to establish and maintain an operative
corridor to the surgical target site, however, certain benefits
may be achieved utilizing one or more aspects of the various
shaped retractor blades described, which features should be
apparent from the discussion herein. The bone anchor 7 may
be one of the type shown and described in U.S. patent
application Ser. No. 12/820,136, filed Jun. 21, 2010 and
entitled “Polyaxial Bone Screw Assembly,” the entire con-
tents are hereby incorporated by reference into this disclo-
sure as 11 set forth fully herein.

The tissue retraction assembly 10 may be configured such
that the retractor blades 14, 16, 18 may be advanced to the
surgical target site individually (e.g. sequentially) or
together (e.g. simultaneously). For example, for simultane-
ous advancement, two or more of the retractor blades 14, 16,
18 may be attached to the retractor body prior to advance-
ment to a surgical target site. As will be explained by way
of example 1n further detail below, the tissue retraction
assembly 10 1s particularly suitable for individual advance-
ment of each blade 14, 16, 18 to a surgical target site. For
instance, the first retractor blade 14 may be advanced
through an incision and securely attached to a first bone
segment within the surgical target site. The second retractor
blade 16 may then be advanced through an incision and
securely attached to a second bone segment within the
surgical target site. Once the first and second retractor blades
14, 16 are secured to the first and second bone segments, the
retractor blades 14, 16 may then be attached to the retractor
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body 12. Thereatter, the first and second retractor blades 14,
16 may be further moved by the retractor assembly to a
second “open” position to establish and maintain a second
operative corridor (or working channel). This operative
corridor may be variable in size and approach angle to the
surgical target site, providing the ability to establish numer-
ous custom working channels. The medial retractor blade 18
may then be attached to the retractor body 12 and used as
desired.

Referring to FIGS. 6-8, the retractor body portion 12
includes a housing member 20, a rack member 22, a medial
retraction member 24, a first retractor arm 26, a second
retractor arm 28, a first toggle 30, and a second toggle 32.
Broadly, the housing member 20 provides a scatlold to hold
the various components together. The rack member 22
provides a mechanism to expand the operative corridor 1n a
caudal-cranial direction by moving the retractor blades 14,
16 toward or away from one another. The medial retraction
member 24 provides a mechanism to expand the operative
corridor 1n a medial direction by moving the medial retractor
blade 18 away from the {irst and second retractor blades 14,
16. The first retractor arm 26 couples to the {first retractor
blade 14, and as will be explained in detail below, 1s
configured to enable the first retractor blade 14 to retract
nearby soft tissue and/or distract the first bone segment. The
second retractor arm 28 couples to the second retractor blade
16, and 1s configured to enable the second retractor blade 16
to retract nearby soft tissue and/or distract the second bone
segment. The first toggle 30 controls the caudal-cranial
movement of the first and second retractor arms 26, 28, and
therefore the first and second retractor blades 14, 16. The
second toggle 32 controls the medial movement of the
medial retraction member 24, and therefore the medial blade
18.

Referring now to FIGS. 9-10, the housing member 20 has
a Tront side 34, a back side 36, an upper portion 38, and a
lower portion 40. The housing member 20 further includes
a first recess 42 extending axially through the upper portion
38 from the front side 34 to the back side 36. The first recess
42 1s configured to receive the medial retraction member 24
therein. The first recess 42 include a pair of track grooves 44
that are configured to engage with flanges 110, 112 on the
medial retraction member 24 to secure the medial retraction
member to the housing 20. The first recess 42 further
includes a tapered surface 46 extending from the front side
of the first recess 42 toward the front side 34 of the housing
member 20. This tapered surface 46 enables medial-lateral
angulation of the medial retraction member 24 while 1n a
retracted position. The tapered surface 46 1s flanked by a pair
of curved surfaces 48 that enable caudal-cranial pivoting of
the medial retraction member 24 while 1n a retracted posi-
tion. The upper portion 38 further includes a second recess
50 and a third recess 32, formed within the housing member
20 on either side of the first recess 42. The second recess 50
1s configured to receive the first toggle 30 therein. The
second recess 50 1s dimensioned to allow for movement of
the toggle 30 therein to enable the toggle 30 to perform its
function, which 1s explained in further detail below. The
third recess 52 1s configured to recerve the second toggle 32
therein. The third recess 32 1s dimensioned to allow for
movement of the toggle 32 therein to enable the toggle 32 to
perform its function, which 1s explained in further detail
below. The upper portion 38 further includes at least one
attachment member 53 dimensioned to enable attachment of
the retractor body 12 to an articulating arm (not shown)
within the operative field. This attachment to the articulating,
arm ensures that the surgical retraction system 10 1s securely
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registered to the operating table. The upper portion may also
be provided with at least one aperture 55 dimensioned to
receive a tool (not shown) configured to allow the operator
to alter the position of the retractor body 12 1n order to adjust
the angle of the operative corridor.

The lower portion 40 includes a first lumen 54 extending,
axially through the housing member 20 transverse to the first
recess 42. By way of example only, the first lumen has a
generally rectangular cross-section and 1s configured to
slideably recerve the first rack member 58 therethrough. The
lower portion 40 further includes a second lumen 56 extend-
ing axially through the housing member 20 transverse to the
first recess 42 and parallel to the first lumen 54. By way of
example only, the second lumen 56 has a generally rectan-
gular cross section and 1s configured to slideably receive the
second rack member 60 therethrough.

FIG. 11 1illustrates the retractor body 12 without the
housing member 20 to provide a clear view of the rack 22.
Referring now to FIG. 12, the rack 22 includes a first rack
member 58 and a second rack member 60. By way of
example only, the first rack member 58 1s an elongated axial
member having a generally rectangular cross section and a
first end 62, a second end 64, and an eclongated body 66
extending therebetween. Although shown and described as
generally rectangular, other cross sectional shapes are pos-
sible without departing from the scope of the present mnven-
tion. The first rack member 58 1s dimensioned to be slideably
received within the first lumen 54 of the housing member 20.
The first end 62 1s connected to the first retractor arm 26. The
first rack member 58 further includes a plurality of teeth 68
on one surface, the teeth being provided along substantially
the length of the first rack member 58. The teeth interact
with the first toggle 30 to allow controlled caudal-cranial
movement of the first retractor blade 14, as will be
described.

By way of example only, the second rack member 60 1s
an elongated axial member having a generally rectangular
cross section and a first end 70, a second end 72, and an
clongated body 74 extending therebetween. Although shown
and described as generally rectangular, other cross sectional
shapes are possible without departing from the scope of the
present invention. The second rack member 60 1s dimen-
sioned to be slideably received within the second lumen 56
of the housing member 20. The first end 70 1s connected to
the second retractor arm 28. The second rack member 60
further includes a plurality of teeth 76 on one surface, the
teeth being provided along substantially the length of the
second rack member 60. The teeth interact with the first
toggle 30 to allow controlled caudal-cranial movement of
the second retractor blade 16, as will be described.

Referring to FIGS. 7 and 13-14, the first toggle 30
includes an actuator 78, a gear 80, and a release member 82.
The actuator 78 includes a superior handle portion 84 that
includes a friction feature that enables a user to grip and turn
the handle portion 84. By way of example only, the handle
portion 84 1s provided with a friction feature comprising a
plurality of planar surfaces 86 (for engagement with a
rotation handle), however other friction features are pos-
sible, for example ridges, knobs, dimples, and/or a material
overlay such as rubber that provides for adequate gripping
by a user. The actuator 78 further includes an inferior post
88 that extends away from the handle portion 84. The
inferior post 88 includes at least one generally planar surface
90 configured to mate with the planar surface 93 of the gear
80 and transfer the torque applied by a user to the handle
portion 84 to the gear 80, thus turning the gear 80. The
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inferior post 88 further includes a recess 92 for receiving a
snap ring 935, which functions to secure the first toggle 30 to
the housing member 20.

By way of example only, the gear 80 has a generally
circular cross-section and includes a central lumen 91
extending therethrough and a plurality of teeth 94 in the
form of vertical ridges distributed about the perimeter of the
gear 80. The central lumen 91 includes a planar surface 93
configured to mate with the planar surface 90 of the actuator
78 to transier the torque applied by a user to the handle
portion 84 to the gear 80, thus turning the gear 80. The teeth
94 of the gear 80 are configured to mate with the teeth 68,
76 of the first and second rack members 58, 60. As shown
by way of example 1n FIG. 12, the first toggle 30 1s
positioned between the first and second rack members 58, 60
such that the teeth 94 of the gear 80 simultancously engages
the teeth 68 of the first rack member 58 and the teeth 76 of
the second rack member 60. Thus, as the handle portion 84
of the actuator 78 1s turned by a user, the gear 80 causes the
first and second racks 58, 60 to simultaneously move 1n
opposite directions. For example,, when the handle portion
84 1s rotated 1n a clockwise direction, the first rack 58 will
move 1n a cranial direction (assuming proper placement of
the retractor relative to the spine) and the second rack 60 will
move 1n a caudal direction. The effect of this movement 1s
that the first retractor blade 14, through 1ts connection to the
first arm 26 (which 1s connected to the first rack member 58)
will move 1n a cramal direction and the second retractor
blade 16, through 1ts connection to the second retractor arm
28 (which 1s connected to the second rack member 60) will
move simultaneously in a caudal direction.

Referring again to FIGS. 7 and 13-14, the release member
82 includes body 96, a tab 98, and a flange 100. The body
96 1s a generally circular member having a central lumen
102 extending therethrough. The central lumen 102 1s
dimensioned to receive the post 88 of the actuator 78. The
tab 98 extends radially from the body and functions as a
manipulation point for the user. The flange 100 includes a
ratchet member 104 that 1s dimensioned to interact with the
teeth 68 of the first rack member 58. The release member 82
turther includes a spring 106 that biases the ratchet member
104 into an engaged position relative to the teeth 68. Thus,
as the gear 80 turns and the first rack member 58 moves, the
ratchet member 104 clicks 1nto engagement with each
passing tooth 68. Thus the ratchet member 104 provides for
controlled translation of the first and second rack members
58, 60, and creating a customizable operative corridor
established 1in incremental amounts. The ratchet member
104 further prevents unwanted migration of the first rack
member 58 (and therefore the second rack member 60 as
well) such that the desired operative corridor will not alter
once established. The ratchet member 104 1s configured to
allow for unidirectional movement of the first rack member
58 relative thereto while the ratchet member 104 1s engaged
to the gear 80. The ratchet member 104 eflectively prevents
counterclockwise turning of the handle member 84. To
contract the operative corridor, for example upon comple-
tion of the desired surgical procedure, the user activates the
tab 98, causing the ratchet member 58 to disengage from the
teeth 68. This allows for free (though still simultaneous)
translation of the first and second rack members relative to
the housing member 20. That 1s, a counterclockwise turning,
of the handle member 84 will cause the first and second rack
members 58, 60 to translate in an opposite direction, such
that the first retractor blade 14 will move 1n a caudal
direction and the second retractor blade 16 will move 1n a
cranmial direction.
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FIGS. 15-17 illustrate the medial retraction member 24 1n
greater detail. By way of example only, the medial retraction
member 24 comprises a medial rack 108 dimensioned to fit
in the first recess 42 of the housing member 20. By way of
example only, the medial rack 108 1s an elongated axial
member having a generally rectangular cross section. The
medial rack 108 includes a first flange 110 and a second
flange 112, each extending the length of the medial rack 108
and dimensioned to engage the overhangs 44 of the first
recess 42. The first flange 110 1ncludes a plurality of teeth
114 1n the form of vertical ridges that are distributed along
the length of the first flange 110. The teeth 114 engage with

the gear 124 of the second toggle 32 to enable movement of
the medial rack 108. The medial rack 108 further includes a

post 116 extending axially from the front end of the medial

rack 108. The post 116 1s configured for engagement with
the medial blade 18. The post 116 has an end portion 118

having a first diameter and a recessed portion 120 between
the end portion 118 and the medial rack 108, the recessed
portion 120 having a reduced diameter relative to the end
portion 118. This configuration allows for engagement, for
example a snap-1it engagement, with the medial blade 18.

The medial rack further includes at least one attachment
member 109 dimensioned to enable attachment of the
medial retraction member 24 to an articulating arm (not
shown) within the operative field. This attachment to the
articulating arm ensures that the surgical retraction system
10 1s securely registered to the operating table. The attach-
ment member 109 on the medial retraction member 24 1s
structurally identical to, and performs the same function as,
the attachment member 53 of the housing member 20 (FIGS.
10-11). However, attachment to the attachment member 109
of the medial retraction member 24 provides an entirely
different eflect than attachment to the attachment member 53
of the housing member 20. Specifically, attachment to the
attachment member 109 registers the medial retraction
member 24 to the articulating arm, and therefore the surgical
table. In this state, the medial retraction member 109 1is
secured 1n place, and actuation of the toggle 32 will there-
fore cause the retractor body 12, to move laterally relative to
the patient. Conversely, when the articulating arm 1s
attached to the attachment member 53 of the housing 20, the
housing 20 1s secured 1n place relative to the operating table,
the actuation of the toggle 32 will cause the medial retraction
member 24 to move medially relative to the patient. This
feature 1s advantageous 1n situations in which the medial
blade 18 has been placed, but for some reason the surgeon
would prefer to move the operative corridor laterally relative
to the spine rather than medially.

Referring now to FIG. 7 in addition to FIGS. 15-17, the
second toggle 32 includes an actuator 122, a gear 124, and
a release member 126. The actuator 122 includes a superior
handle portion 128 that includes a {iriction feature that
enables a user to grip and turn the handle portion 128. By
way ol example only, the handle portion 128 1s provided
with a Iriction feature comprising a plurality of planar
surfaces 130, however other friction features are possible,
for example ridges, knobs, dimples, and/or a material over-
lay such as rubber that provides for adequate gripping by a
user. The actuator 122 further includes an inferior post 132
that extends away from the handle portion 128. The inferior
post 132 includes at least one generally planar surface 134
configured to mate with the planar surface 127 of the gear
124 and transfer the torque applied by a user to the handle
portion 128 to the gear 124, thus turming the gear 124. The
inferior post 132 further includes a recess 136 for receiving
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a snap ring 138, which functions to secure the second toggle
32 to the housing member 20.

By way of example only, the gear 124 has a generally
circular cross-section and includes a central lumen 1235
extending therethrough and a plurality of teeth 140 1n the 5
form of vertical ridges distributed about the perimeter of the
gear 124. The central lumen 125 includes a planar surface
127 configured to mate with the planar surface 134 of the
actuator 122 to transfer the torque applied by a user to the
handle portion 128 to the gear 124, thus turning the gear 124. 10
The teeth 140 of the gear 124 are configured to mate with the
teeth 114 of the medial rack member 108. As shown by way
of example i FIG. 135, the second toggle 32 1s positioned
adjacent the medial rack member 108. As the handle portion
128 of the actuator 122 1s turned by a user, the gear 124 15
causes the medial rack 108 to translate in a medial (or
lateral) direction. For example, when the handle portion 128
1s rotated 1n a clockwise direction, the medial rack 128 will
move 1 a medial direction (1.e. toward the spinal column,
assuming proper placement of the retractor relative to the 20
spine). The eflect of this movement 1s that the medial
retractor blade 18, through its connection to the medial rack
108 will move 1n a medial direction, thereby retracting soft
tissue and expanding the operative corridor. The medial rack
108 thus contributes to the customizable nature of the 25
operative corridor.

The release member 126 includes body 142, a tab 144,
and a flange 146. The body 142 1s a generally circular
member having a central lumen 148 extending therethrough.
The central lumen 148 1s dimensioned to receive the post 30
132 of the actuator 122. The tab 144 extends radially from
the body and functions as a manipulation point for the user.
The flange 146 includes a ratchet member 150 that is
dimensioned to interact with the teeth 114 of the medial rack
member 108. The release member 126 further includes a 35
spring 152 positioned between the tab 144 and the housing
20 that biases the ratchet member 150 nto an engaged
position relative to the teeth 114. Thus, as the gear 124 turns
and the medial member 108 moves, the ratchet member 150
clicks into engagement with each passing tooth 114. Thus 40
the ratchet member 150 provides for controlled translation
of the medial rack member 108, and creating a customizable
operative corridor established 1n incremental amounts. The
ratchet member 150 further prevents unwanted migration of
the medial rack member 108 such that the desired operative 45
corridor will not alter once established. The ratchet member
150 1s configured to allow for unidirectional movement of
the medial rack member 108 relative thereto while the
ratchet member 150 1s engaged to the gear 124. The ratchet
member 150 effectively prevents counterclockwise turning 50
of the handle member 128. To contract the operative corri-
dor, for example upon completion of the desired surgical
procedure, the user activates the tab 144, causing the ratchet
member 108 to disengage from the teeth 114. Thas allows for
free translation of the medial rack member 108 relative to 55
the housing member 20. That 1s, a counterclockwise turning
of the handle member 128 with the ratchet member 150
disengaged will cause the medial rack member 108 to
translate 1n an opposite direction (e.g. lateral direction, away
from the spine. 60

FIGS. 18-19 illustrate the first arm member 26 1n greater
detail. The first arm member 26 includes a front body portion
160, a rear body portion 162, a first flange 164, and a second
flange 166. The front body portion includes a front surface
168 and a top surface 170. The front surface 168 includes an 65
aperture 172 formed therein and extending into the front
body portion 160. The aperture 172 1s dimensioned to

20

receive the engagement post 230 of the first retractor blade
14 (FIG. 6) to enable engagement of the first retractor blade
14 to the retractor body 12. The top surface 170 includes a
second aperture 174 configured to receive a set screw 176
(FIG. 7). The set screw 176 functions to lock the engage-
ment post 230 within the aperture 172, preventing unwanted
ejection of the first retractor blade 14 from the first arm
member 26. The rear body portion includes a lower-facing
inside tapered surface 178 that allows the medial blade 18 to
pivot within a plane that 1s transverse to the longitudinal axis
of the medial rack member 108. This pivoting enables
intraoperative repositioning of the retractor body 12 relative
to the surgical target site without the need to detach the
retractor body 12 from the articulating arm. The net effect 1s
to alter the approach angle of the operative corridor relative
to the surgical target site.

The first flange 164 extends axially from the rear body
portion 162 and includes a third aperture 180 and fourth
aperture 182. The third aperture 180 1s configured to
securcly mate with the first end 62 of the first rack member
58 such that the first arm member 26 moves with the first
rack member 58. By way of example only, the first arm
member 26 can be securely mated with the first rack member
58 by welding, adhesive, snap-fit, friction-fit, or any other
suitable method. Alternatively, the first arm member 26 can
be mtegrally formed with the first rack member 58 without
departing from the scope of the present invention. The fourth
aperture 182 1s configured to allow passage of the second
rack member 60 therethrough. The third and fourth apertures
180, 182 are generally rectangular 1n shape, however other
shapes are possible depending on the cross-sectional shapes
of the first and second rack members 58, 60. The second
flange 166 extends axially from the front body portion 160
and includes a generally planar upper surface 184 and a
curved medial surface 186. The second flange 166 interacts
with the thumbscrew 240 of the first retractor blade 14 and
functions as a shell to enable the lockable adjusted angula-
tion feature of the first retractor blade 14, as well as an
alternative distraction feature of the tissue retraction system
10, each of which will be described 1n greater detail below.

FIGS. 20-21 illustrate the second arm member 28 1n
greater detail. The second arm member 28 includes a front
body portion 190, a rear body portion 192, a first flange 194,
and a second flange 196. The front body portion includes a
front surface 198 and a top surface 200. The front surface
198 includes an aperture 202 formed therein and extending
into the front body portion 190. The aperture 202 1s dimen-
sioned to receive the engagement post 230 of the second
retractor blade 16 (FIG. 6) to enable engagement of the
second retractor blade 16 to the retractor body 12. The top
surface 200 includes a second aperture 204 configured to
receive a set screw 206 (F1G. 7). The set screw 206 functions
to lock the engagement post 230 within the aperture 202,
preventing unwanted ejection of the second retractor blade
16 from the first arm member 28. The rear body portion
includes a lower-facing inside tapered surface 208 that that
allows the medial blade 18 to pivot within a plane that 1s
transverse to the longitudinal axis of the medial rack mem-
ber 108. This pivoting enables mtraoperative repositioning
of the retractor body 12 relative to the surgical target site
without the need to detach the retractor body 12 from the
articulating arm. The net eflect 1s to alter the approach angle
of the operative corridor relative to the surgical target site.

The first flange 194 extends axially from the rear body
portion 192 and includes a third aperture 210. The third
aperture 210 1s configured to securely mate with the first end
70 of the second rack member 60 such that the second arm
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member 28 moves with the second rack member 60. By way
of example only, the second arm member 28 can be securely
mated with the second rack member 60 by welding, adhe-
sive, snap-lit, friction-fit, or any other suitable method.
Alternatively, the second arm member 28 can be integrally
formed with the second rack member 60 without departing
from the scope of the present invention. The third aperture
210 1s generally rectangular in shape, however other shapes
are possible depending on the cross-sectional shapes of the
second rack member 60. The second flange 196 extends
axially from the front body portion 190 and includes a
generally planar upper surface 214 and a curved medial
surface 216. The second flange 196 interacts with the
thumbscrew 240 of the second retractor blade 16 and
functions as a shelf to enable the lockable adjusted angula-
tion feature of the second retractor blade 16, as well as an
alternative distraction feature of the tissue retraction system
10, cach of which will be described 1n greater detail below.

The retractor blades 14, 16 may be provided 1n any size
or shape suitable to establish and maintain an operative
corridor to the surgical target site. In one embodiment, the
retractor blades 14, 16 can be individually selected for
appropriate length. Therefore, the retractor blades 14, 16 can
be of different lengths which gives the surgeon additional
control over the shape and size of the operative corridor (as
shown for example 1n FIGS. 62 and 63). The retractor blades
14, 16 may be provided having a generally arcuate cross-
section to facilitate a circular or generally oblong surgical
corridor. FIGS. 22-25 illustrate an example of a first retrac-
tor blade 14 according to the present invention. FIG. 26 1s an
exploded view of the first retractor blade 14. For the
purposes of 1llustration, the specific features of the invention
will be described 1n relation to the first retractor blade 14.
However 1t should be understood that the features described
in relation to first retractor blade 14 are the same for second
retractor blade 16, but provided in a mirror-image configu-
ration. Thus, though the first and second retractor blades 14
and 16 are not strictly interchangeable, the features of each
blade are virtually identical rendering a repeat discussion
unnecessary as cumulative.

Referring now to FIGS. 22-26, the first retractor blade 14
includes an attachment portion 220 and a blade portion 222
extending distally from the attachment portion 220. The
attachment portion 220 has a front side 224, a back side 226,
and a top surface 227. The back side 226 includes a first
aperture 228 extending into the upper attachment portion
220 and configured to receive an engagement post 230
therein. The engagement post 230 1s configured to mate with
the aperture 172 of the first arm member 26 to couple the
first retractor blade 14 with the retractor body 12. Corre-
spondingly, the engagement post 230 1s configured to mate
with the aperture 202 of the second arm member 28 to
couple the second retractor blade 16 with the retractor body
12. The attachment portion 220 further includes a pair of
second apertures 232 extending through the attachment
portion 220 parallel to one another and transverse to the first
aperture 228. The second apertures 232 are vertically oiffset
from the first aperture 228 but are at least partially 1n
communication with the first aperture 228. The second
apertures 232 are configured to receive pins 234 that operate
to secure the engagement post 230 to the retractor blade 14
(explained 1n further detail below). The attachment portion
turther includes a tlange 236 extending angularly (relative to
the top surface 227) therefrom, the flange 236 including an
aperture 238 configured to recerve a thumb screw 240
therein. The tlange 236 and thumb screw 240 interact with
the second flange 166 of the first arm member 26 to enable
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the lockable angulation feature of the first retractor blade 14,
as well as an alternate tissue distraction feature of the tissue
retraction system 10, as will be described 1n greater detail
below. By way of example only, both the thumb screw 240
and aperture 238 include threads to enable a threaded
engagement therebetween. However, other engagements are
possible without departing from the scope of the present
invention. By way of example only, the flange 236 1is
angularly oflset from the top surface 227 within a range of
15 to 350 degrees, with the preferable angle being approxi-
mately 30 degrees. The thumbscrew 240 includes a head
241, a shaft 243, and a distal tip 245. The head 241 1is

generally cylindrical 1n shape and includes a rotation feature
that enables the user to rotate the thumb screw 240. The
rotation feature may be anything that i1s suitable to enable
rotation of the thumb screw 240, for example including but
not limited to a socket 247 for receiving a driver as shown
in FIGS. 22, 23 and 26, and/or an external planar surfaces

249 to provide gripping for a driver or a user’s hand, as
shown 1n FIGS. 24 and 25.

The blade portion 222 extends distally from the attach-
ment portion 220 and includes an outside surface 242, an
inside surface 244, a first lip 246, and a second lip 248. The
outside surface 1s a smooth arcuate surface configured to
interact with the patient’s soit tissue near the operative
corridor. As best seen 1n FIG. 24, the outside surface 242
extends from the attachment portion 220 at a non-orthogonal
angle relative to the top surface 227. Since much of the blade
has a generally uniform thickness, the inside surface 244
extends from the attachment portion 220 at the same non-
orthogonal angle relative to the top surface 227. Thus, the
cllect 1s that the operative corridor 1s immediately estab-
lished having a conical shape with no further adjustment of
the tissue retraction assembly 10 required. Additionally, the
blade portion 222 extends from the attachment portion 220
such that the blade face (1.e. inner surface 244) 1s oriented
orthogonal to the attachment portion 220. Thus, when the
retractor blade 1s attached to the retractor body 10, the inside
surface faces 244 the operative corridor at an angle rather
than facing directly at the opposing blade, for example
between 20 and 60 degrees). This orientation of the blade
portion relative to the attachment portion helps optimize the
shape (e.g. triangular) of the operative corridor. The inside
surface 244 includes a plurality of notches or recesses 250
arranged 1n a linear alignment thereon, the notches or
recesses 250 being configured to interact with the knob 498
of the inserter 400, as will be described 1n further detail
below. The blade portion 222 further includes a pair of track
grooves 252 spaced apart from one another and extending
the length of the inside surface 244. The track grooves 2352
are configured to slideably receive a shim attachment, for
example the hoop shim 6 shown and described herein. It
should be understood, however, that any suitable shim
attachment may be used without departing from the scope of
the present invention. At the distal end of each of the track
grooves 252 there 1s a stop 254, which interacts with the
hoop shim 6 to prevent the hoop shim 6 from passing the
stop 254 once 1t has been fully engaged to the retractor
blade. The first lip 246 and second lip 248 comprise edges
of the blade portion 222 and each extend along the length of
the blade portion 222 from the attachment portion 222 to the
distal end of the blade portion 222. Notably, the first and
second lips 246, 248 are asymmetric relative to one another.
For example, the first lip 246 has a concave portion 256 that
allows for clearance of spinal anatomy during blade angu-
lation.
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Referring to FIG. 26, the engagement post 230 includes a
boss 258 and a post 260. The boss 258 1s generally cylin-
drical 1n shape and 1s dimensioned to be received within the
aperture 172 of the first arm member 26 to couple the first
retractor blade 14 with the retractor body 12. The boss 2358
includes a recess 262 formed therein, the recess 262 con-
figured to receive at least a portion of the set screw 176 to
securely engage the first retractor blade 14 to the retractor
body 12. The post 260 extends axially from the boss 258 and
1s configured to be received within aperture 228 of the first
retractor blade 14. The post 260 further includes a recess 264
tformed therein, the recess 264 being sized and dimensioned
to rece1ve at least a portion of both pins 234 therein. The pins
234 extend transversely relative to the post 260, and prevent
undesirable uncoupling of the post 230 from the first retrac-
tor blade 14. In practice, the retractor blade 14 (and retractor
blade 16) 1s provided with the post 230 already secured
within the aperture 228 with the pins 234 1n place. The pins
234 may be secured by any suitable method, including for
example welding, that ensures that the pins 234 securely
retain the post 230 within the aperture 238. Although
described herein as using a set screw 176 to secure the first
retractor blade 14 (and/or second retractor blade 16) to the
retractor body 12, any suitable attachment mechanism can
be used without departing from the scope of the present
invention. For example, a quick connection mechanism such
as a snap it engagement 1s possible, as 1s a friction engage-
ment or an integral blade.

Referring to FIGS. 27-30, the medial retractor blade 18
may be provided in any size or shape suitable to establish
and maintain an operative corridor to the surgical target site.
By way of example only, the medial retractor blade 18
includes an attachment portion 270 and a blade portion 272.
The attachment portion 270 includes a knob 274 and an
aperture 276. The knob 274 1s configured to allow manipu-
lation by a user, for example to change the angulation of the
medial retractor blade 18. The knob also connects to a
manual 1nsertion tool (not shown). By way of example, the
manual 1nsertion tool includes a cylinder with a canted coil
received 1n a notch theremn. In a natural position, the coil
extends into the cylinder. The tapered end of the knob 274
deflects the canted coil as the knob passes. When the coil
reaches the groove formed 1n the knob, the coil returns to the
natural position and secures the blade to the manual 1nserter.
The aperture 276 extends into the attachment portion 270
and 1s configured to receirve the post 116 of the medial
retraction member 24 therein to securely attach the medial
retractor blade 18 to the retractor body 12. The engagement
between the medial retractor blade 18 and the post 116 1s
provided by way of example as a snap-fit engagement
allowing for relative easy insertion and/or removal of the
medial retractor blade 18. However, other engagements are
possible without departing from the scope of the present
invention, mncluding but not limited to using a set screw (e.g.
through the knob 274 1nto the aperture 276), friction engage-
ment, or providing a medial retraction member with integral
blade. This engagement allows a user to intraoperatively
change the medial retractor blade 18, for example to swap
out a shorter blade for a longer blade, and vice versa.

The blade portion 272 includes an upper portion 280 and
a lower portion 282. The upper portion 280 1s adjacent to the
attachment portion 270 and extends generally orthogonally
therefrom. The lower portion 282 i1s located distally of the
upper portion 280 and 1s offset from the upper portion 280
such that 1t forms an obtuse angle with the upper portion 280
(best shown 1n FIG. 30). By way of example only, the offset

il
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from the plane of the upper portion 280 by approximately
one-quarter of an inch. Depending upon the length of the
blade portion 272, the angle formed between the upper and
lower portions 280, 282 1s variable to achieve this one-
quarter inch oflset. The lower portion 282 1s wider than the
upper portion to accommodate the retraction of a greater
amount of the patient’s soit tissue near the surgical target
site. The lower portion 282 includes a recess 284 configured
to recerve a blade extension 290 therein. The recess 284
includes an elongated central slot 286 formed therein and
configured to receive a guide extension 292 therein. The
recess 284 may further include a pair of elongated lateral slot
288 formed therein on either side of the central aperture 286.

A blade extension 290 may be provided to enhance the
functionality of the medial retractor blade 18. The blade
extension 290 1s received within the recess 284 and 1is
coupled to the medial blade 18 by the fastener 292. Accord-
ing to one embodiment, the blade extension 290 is slideably
coupled to the medial blade 18. To enable this slidable
coupling, the fastener 292 1s slideably received within the
clongated central aperture 286. The blade extension 290
includes a front surface 294 and a back surface 296. In use,
the blade extension 290 i1s oriented such that the front
surface 294 faces the operative corridor, and the back
surface 296 engages the patient’s soft tissue. The blade
extension 290 may be generally curved such that the front
surface 294 has a concave curvature and the back surface
296 has a convex curvature or 1t may the front and back may
be generally flat. The blade extension 290 further includes a
distal anchor element 298 provided thereon. The distal
anchor element 298 comprises a roughened surface includ-
ing a series ol ridges and spike members that enable the
clearing away of soit tissue from the surgical target site. The
distal anchor element 298 has two aspects of curvature. The
first aspect of curvature 1s that the distal anchor element 298
curves toward the back surface 296. The second aspect of
curvature 1s that the front surface 294 maintains 1ts concave
curvature.

The result 1s that the distal anchor element 298 acts much
the same way as a “boat anchor” in that 1t 1s capable of
travelling along the surgical target site, displacing sofit tissue
until the distal anchor element 298 engages hard tissue such
as bone. By way of example only, when used during a TLIF
procedure such as the one described herein by example, the
distal anchor element 298 advantageously removes soft
tissue from the facet as 1t 1s being retracted, saving the
surgeon from having to manually clean the facet. Due to 1ts
unique shape, the distal engagement element 298 will either
penetrate the bone or become wedged underneath the bone.
The blade extension 290 1s slideably coupled to the medial
blade 18 such that, upon tilting or other movement of the
surgical retraction system 10, the blade extension 290 waill
remain stationary relative to the bone segment while the
medial retractor blade 18 moves relative to the blade exten-
sion 290. The blade extension 290 1s therefore capable of
telescoping (1.e. extending or retracting) to conform to
anatomy during retraction, both with and/or without manual
adjustments from the surgeon. Thus, the blade elongates
since 1t 1s secured distally at the bone and proximally at the
retractor body 12. In this manner, the surgeon is able to
turther optimize, customize, and alter the operative corridor
without having to disengage the retractor and/or any blades,
while ensuring the exposure at the surgical target site (the
base of the operative corridor) does not change, and thereby
preventing previously retracted soit tissue from entering the
operative corridor under the blade. Optionally, the blade
extension 290 may be mechanically biased toward the
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extended position in order to ensure that its tissue clearing
functionality 1s maximized. This may be accomplished, for
example, by including a spring member (not shown)
attached to the medial blade 18 and configured to bias the
blade extension 290 in the distal direction.

FIGS. 31-34 1llustrate an example of a hoop shim assem-
bly 6 according to one embodiment of the present invention.
The hoop shim assembly 6 includes a hoop portion 300
slideably engaged with a shim portion 302. The hoop portion
300 includes a hoop member 304, a first flange 306 and a
second flange 308 extending proximally from the hoop
member 304. The hoop member 304 1s a generally circular
member having a central aperture 310 configured to receive
a bone anchor 7 therein. The hoop member 304 has a first,
unlocked position having a first diameter allowing passage
of the bone anchor 7 therethrough. In this first position, the
head of the bone anchor 7 may pass through, but with
resistance. The hoop member 304 further has a second,
locked position, having a second diameter that does not
allow passage of the head of the bone anchor 7 therethrough.
Thus, when the hoop member 304 1s 1n the locked position,
the bone anchor 7 1s secured to the hoop shim 6. As will be
explained below, this secured engagement does not mean
that the bone anchor 7 1s immobilized—on the contrary 1t 1s
a polyaxial engagement (as 1llustrated 1n FIGS. 58-61). The
hoop member 304 may be optionally provided with an insert
312 (FIGS. 35-37) to provide protective interaction with the
bone anchor 7. More specifically, the msert 312 protects the
neck of the bone anchor 7 from a metal-on-metal contact
with the hoop shim 6, which could ultimately weaken the
bone anchor 7. The msert 312 may be composed of any
suitable materials, including but not limited to polyethere-
therketone (PEEK).

The first flange 306 1s generally elongated and extends
generally perpendicularly 1n a proximal direction from the
hoop member 304. The first flange has a wing 314 extending,
at least partially along the length of the flange 306 from the
proximal end toward the distal end. The wing 314 1s
dimensioned to engage one of the track grooves 252 of the
first retractor blade 14 (and/or second retractor blade 16) to
cnable slidable engagement of the hoop shim assembly 6
with the retractor blade 14 (as shown in FIG. 38, for
example). The first flange 306 further includes a tab member
316 projecting 1n a forward direction (1.e. same direction as
the hoop member 304). The tab member 316 1s generally
rectangular and configured to slidably engage the vertical
slot 338 of the shim portion 302. The tab member 316 has
a generally U-shaped retaining pin 318 attached thereto that
prevents the tab member 316 from becoming disengaged
with the vertical slot 338 during use. By way of example
only, the retaiming pin 318 1s welded to the tab member 316
during assembly of the hoop shim assembly 6, however
other attachment methods are possible without departing
from the scope of the present invention. For example, the tab
member 316 and retaining pin 318 may be integrally formed
with one another and then welded onto the first tlange 306.
Additionally, a retaiming plate may be welded over the tab
instead of the retaining pin.

The second flange 308 15 generally elongated and extends
generally perpendicularly 1n a proximal direction from the
hoop member 304 opposite and generally parallel (1in an
initial position) to the first flange 306. The second flange 306
has a distal portion 320, a proximal portion 322, and an
intermediate portion 324 positioned between the distal por-
tion 320 and proximal portion 322. The distal portion 320 1s
attached to the hoop member 304, and has a first width. The
proximal portion 322 has a second width that enables the
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proximal portion 322 to pass the knob 346 of the shim
portion 302 and mto the recess 344 of the shim portion 302.
By way of example only, the first width 1s greater than the
second width. The intermediate portion 324 has a third width
that 1s greater than both the first and second widths, and a
convex edge 326 extending from the proximal portion 322
to an apex 328. The mtermediate portion 324 further
includes a concave edge 330 extending between the apex
328 and the distal portion 320.

The shim portion 302 1s a generally rectangular elongated
member having a proximal end 332 and a distal end 334. The
shim portion 302 further includes a first wing 336 extending,
substantially the length of one side of the shim portion 302
(e.g. the side that corresponds to the second flange 308 of the
hoop portion 300). The first wing 336 1s dimensioned to
engage one of the track groove 252 of the first retractor blade
14 (and/or second retractor blade 16) to enable slidable
engagement of the hoop shim assembly 6 with the retractor
blade 14 (as shown in FIG. 36, for example). The shim
portion further includes an elongated vertical slot 338
extending substantially the length of the shim portion 302.
The vertical slot 338 is configured to slidably receive the tab
member 316 therein. The shim portion 302 further includes
a horizontal slot 340 positioned near the proximal end 332.
The horizontal slot 340 1s dimensioned to engage the distal
projection 366 of the hoop shim removal tool 350, as
described below. The horizontal slot has a ramped surface
341 extending toward the proximal end 332 of the shim
portion 302. By way of example only, the vertical slot 338
and horizontal slot 340 are shown as one connected
L-shaped aperture, however separate apertures are possible
without departing from the scope of the invention. The shim
portion 302 further includes a second wing 342 positioned
near the proximal end 332 on the opposite side of the shim
portion 302 from the first wing 336. The second wing 342 1s
dimensioned to align with the wing 314 of the first flange
306 during use (as shown 1n FIG. 33). The second wing 342
has the same function as the first wing 336. The shim portion
302 further includes a recess 344 formed within the back
side of the shim portion. The recess 344 1s dimensioned to
receive at least a portion of the second tlange 308 of the hoop
portion 300, to enable the hoop shim 6 to transition to a
locked position. The recess 344 also includes a knob 346
positioned at the distal end of the recess 344. The knob 346
functions to reduce the width of the opening of the recess
344 to prevent easy disengagement of the hoop portion 300.

In use, the hoop shim assembly 6 1s preferably provided
in a preassembled form 1n which the tab member 316 1is
engaged within the vertical slot 338 and the retaining pin
318 1s welded to the tab member 316, preventing disengage-
ment of the tab member 316 from the vertical slot 338. In the
initial position, the proximal portion 322 of the second
flange 308 1s positioned within the recess 344 of the shim
portion 302 and adjacent to the knob 346. In this initial
position, a bone anchor 7 may be loosely engaged to the
hoop member 304, within the central aperture 310. To secure
the bone anchor 7 to the hoop shim assembly 6, the hoop
shim assembly 6 1s moved from 1ts initial unlocked position
to a final locked position. To achieve this, the first and
second flanges 306, 308 are slidably advanced proximally
along the shim portion 302. The convex edge 326 of the
intermediate portion 324 of the second flange 308 1ncludes
a relatively gradual curvature. As the second flange 308 is
advanced past the knob 346 and into the recess 344, the
interaction between the knob 346 and the convex edge 326
causes the second flange 308 to detlect toward the first flange
306. The width of the intermediate portion 1s preferably such
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that the intermediate portion still engages the inner wall of
the recess and remains 1n the deflected position. The concave
edge 330 has a relatively steep concave curvature, and thus
the apex 328 will not reverse past the knob 346 absent
suflicient applied force. Once the apex 328 i1s beyond the
knob 346 and within the recess 344 of the shim portion 302,
the hoop shim assembly 6 1s 1n a locked position, and the
bone anchor 7 1s successiully and securely engaged thereto
(e.g. FIG. 44).

This final, locked position 1s illustrated by way of
example only 1n FIGS. 35-37. The bone anchor 7 1s posi-
tioned within the aperture 310 of the hoop portion 300. An
isert 312 1s provided within the hoop member 304. Notably,
the head 8 of the bone anchor 7 1s positioned proximally of
the hoop member 304, and 1n this position 1s unable to pass
through the aperture. The threaded shank 9 of the bone
anchor 7 extends distally of the hoop member 304.

FIG. 38 1illustrates a hoop shim assembly 6 engaged with
a retractor blade 14, 1n an unlocked position and without a
bone anchor engaged thereto. FIG. 39 illustrates a hoop shim
assembly 6 lockingly engaged to a bone anchor 7 and
engaged with a retractor blade 14. The hoop shim assembly
6 may be coupled with the bone anchor 7 and/or retractor
blade 14/16 either before or during a surgical procedure. In
one embodiment, the hoop shim assembly 6, bone anchor 7,
and retractor blade 14 are provided 1n a pre-assembled state.
In such an embodiment, the hoop shim assembly 6 1s first
coupled to a retractor blade 14 as described above, 1n an
unlocked position. A bone anchor 7 1s then introduced such
that the neck region 1s within the central aperture 310. At this
point the engagement between the hoop shim assembly 6
and bone anchor 7 1s unsecure. The hoop shim assembly 6
1s then moved mto a locked position, securing the bone
anchor 7 therein. The bone anchor 7, hoop shim assembly 6,
and retractor blade 14 may then be coupled to an inserter, for
example such as the inserter 400 shown and described 1n
relation to FIGS. 64-78 below, and advanced simultaneously
through the operative corridor to the surgical target site.
Alternatively, the bone anchor 7 may be placed within the
surgical target site and then engaged with the hoop shim
assemblies 6 by slipping the heads 8 of the bone anchors 7
within the central aperture 310 of the hoop shim assembly 6
and then locking the hoop shim assemblies 6. Moreover, the
hoop shim assembly 6 may be intraoperatively engaged
and/or disengaged from an implanted bone anchor 7 within
a surgical target site. This feature 1s advantageous 1n that 1t
allows the operative corridor to be registered to an anatomi-
cal landmark, and also removed from that registration, for
example 11 the user wanted to expand the operative corridor
beyond the implanted bone anchors. A further advantage of
this feature 1s that 1t allows for intraoperative exchange of
retractor blades 14, 16, for example to swap out for a longer
or shorter blade, without losing the ability to register the
operative corridor to an anatomical landmark, and without
changing the position of the retractor body 12.

FIGS. 40-42 1llustrate an example of a hoop shim removal
tool 350 according to one embodiment of the present inven-
tion. The hoop shim removal tool 350 1s a generally elon-
gated mstrument having a distal engagement member 352,
an mtermediate shait 354, and a proximal slap hammer 356
attached thereto. The distal engagement member 352
includes a top panel 358, a bottom panel 360, and a base 362
positioned between the top and bottom panels 358, 360 at
the proximal end of the distal engagement member 352. The
top panel 358 has a distal portion 364 that extends beyond
the end of the bottom panel 360. The distal portion 364
includes a projection 366 configured to engage the horizon-
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tal slot 340 of the hoop shim assembly 6. As illustrated in
FIG. 42, the projection 366 1s oriented such that there 1s an
acute angle formed between the projection 366 and the top
panel 358. The projection 366 further includes a ramped
leading surface 367 configured to deflect off the shim portion
302 as the distal engagement member 352 1s advanced into
engagement with the shim portion 302. The bottom panel
360 1ncludes a pair of lateral wings 363 positioned on either
side of the bottom panel 360. The lateral wings 363 are
dimensioned to engage the track grooves 252 of the first
retractor blade 14 (and/or second retractor blade 16) to
cnable slidable engagement of the hoop shim removal tool
350 with the retractor blade 14 (as shown n FIG. 43, for
example).

The slap hammer 356 includes a distal stop 368, a
proximal stop 370, an elongated shait 372 extending
between the distal and proximal stops 368, 370, and a
slapper 374 slidably positioned on the elongated shait 372.
The slapper 374 1s configured to slide along the elongated
shaft 372 between the distal and proximal stops 368, 370.
The slap hammer 3356 1s designed to allow a user to generate
a tremendous force in the proximal or distal direction. For
example, a user would grab the slapper 374 and exert a force
in a proximal direction by “slapping” it against the proximal
stop 370.

FIGS. 43-46 illustrate the steps of using the hoop shim
removal tool 350 to remove the hoop shim 6. First, as
illustrated in FIGS. 43-44, the hoop shim removal tool 350
1s shidably engaged to the retractor blade 14 as described
above. The distal engagement member 352 1s advanced
along the retractor blade 14 until the projection 366 engages
the locked hoop shim assembly 6. As the projection 366 1s
being advanced over the shim portion 302 between the
proximal end 332 and the horizontal slot 340, the top panel
358 is outwardly displaced. As the projection 366 engages
the horizontal slot 340, the top panel 358 snaps back into
place and a secure engagement 1s achieved between the hoop
shim removal tool 350 and the hoop shim assembly 6, as
illustrated in FIGS. 44 and 45. The user then slaps the
slapper 374 against the proximal stop 370 to generate a
proximal force on the shim portion 302 of the hoop shim
assembly 6. This force should be great enough to at least pull
the knob 346 past the intermediate portion 324 of the second
flange 306, causing the hoop shim assembly 6 to return to 1ts
unlocked position. In the unlocked position, the aperture 310
has an increased diameter. Another slapping of the slapper
374 should supply enough force to pull the hoop member
304 past the head 8 of the anchor member 7, thus disen-
gaging the hoop shim 6 from the anchor member 7 (as
shown 1n FIG. 46) and retrieving the hoop shim assembly 6
from the retractor blade track. Of course, a single slapping
of the slapper 374 may be suflicient to both unlock the hoop
shim assembly 6 and disengage the hoop member 304 from
the anchor head 7. The retractor blade 14 1s no longer
registered to the anchor member 1n the surgical fixation site,
but can rather move freely and/or be removed entirely.

Although the hoop shim removal tool 350 has been
described by way of example with regard to a specific
embodiment, other mechanisms are possible. For example,
the slap hammer may be replaced by a Kerrision-style
trigger without departing from the scope of the present
invention.

The surgical retraction system 10 described herein may be
used 1n a variety of different surgical techmques imnvolving a
variety ol areas of the body. By way of example only, the
surgical retraction system 10 1s 1deal for performing a novel
procedure for performing a transforaminal lumbar interbody
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tusion (TLIF) procedure on a human spine. For the purposes
of 1llustration, the example technique will be explained with
regard to a one-level TLIF, 1n which two adjacent vertebrae
are fused across a single intervertebral space. However, 1t
should be noted that the system and method disclosed herein
may be suitable to be used on multiple vertebral levels
without departing from the scope of the present invention.
Moreover, the system and methods described herein may be
used and/or adapted for use 1n a variety of different surgical
techniques 1nvolving a variety of areas of the body without
departing from the scope of the present invention.

Prior to performing this technique, the patient i1s posi-
tioned 1n the prone position, (1.e. on his/her stomach). The
first step 1n the method 1s to locate the pedicles that will 1n
part define the surgical target site. The next step 1s to create
an 1ncision 1n the patient’s skin above the surgical target site
(in this example, an intervertebral disc space between two
adjacent vertebrae). Specifically, the incision should be
made between the pedicles along the lateral border. K-wires
are then placed via a jamshidi through the small incisions
into the pedicles on adjacent vertebrae. To assist with this,
the surgeon may use a navigated guidance system, for
example one shown and described in commonly owned PCT
Application Nos. PCT/US07/11962, entitled “Surgical Tra-
jectory Monitoring System and Related Methods,” filed May
17, 2007, and PCT/US08/12121, entitled “Surgical Trajec-
tory Monitoring System and Related Methods,” filed on Oct.
24, 2008, the entire contents of which are each incorporated
by reference 1nto this disclosure as 1f set forth fully herein.
Once the K-wires are positioned properly within the target
pedicles, the surgeon may create an initial surgical corridor
through finger dissection. The distance from the vertebral
body and surface of the skin 1s measured using a ruled
dilator or another suitable instrument. Another tool may be
used to measure the appropriate screw length by indicating,
how far into bone the K-wire has been advanced. The next
step 1 the procedure 1s pilot hole formation. Navigated
guidance and tluoroscopic imaging may continue to be used
to help the surgeon ensure the proper approach and trajec-
tory into the pedicles 1s being maintained. A cannulated tap
1s then passed over each of the K-wires to tap an appropriate
s1ized pilot hole mto each of the pedicles. Optionally, the
cannulated tap may be substantially insulated and provided
with an electrnified tip, or alternatively a second insulated
cannula may be provided while the tap is electrified, 1n order
to enable pedicle integrity testing during pilot hole forma-
tion. This function 1s similar to the procedure shown and
described 1in U.S. patent application Ser. No. 10/836,105,
now 1ssued as U.S. Pat. No. 7,664,544, filed Apr. 30, 2004,
entitled “System and Methods for Performing Percutaneous
Pedicle Integrity Assessments,” the complete disclosure of
which 1s hereby incorporated by reference into this docu-
ment as 1t set forth fully herein. Once this 1s completed, the
appropriate length of retractor blades 14, 16 1s selected and
assembled with the hoop shim assembly 6, an anchor
member 7, and inserter 400 as shown and described herein.
This step 1s repeated for both the first and second retractor
blades 14, 16.

Once the blade-shim-anchor assembly has been securely
created, the anchor member 7 (with hoop shim 6 and first
retractor blade 14 securely attached) 1s advanced through the
initial operative corridor and driven into the pilot hole 1n a
first of the adjacent pedicles. This process 1s repeated with
the second retractor blade 16 assembly and the second pilot
hole, until the first and second retractor blades 14, 16 are
protruding from the imitial incision, with the distal ends of
the blades being securely registered to the anchor members
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7 via the hoop shim assemblies 6. At this point, the first and
second retractor blades 14, 16 may be attached to the
retractor body 14 as described above. The surgeon may then
operate the retractor body 12 to cause the retractor blades 14,
16 to move 1n cranial and caudal directions, respectively, at
the skin level. Because the distal portions of the retractor
blades 14, 16 are securely (and polyaxially) registered to the
implanted anchor members 7, the anchor members 7 will not
move. However, the angle of the retractor blades 14, 16
relative to the anchor members 7 may be adjusted to a
desired angle (for example as shown i FIG. 54, and the
operative corridor will be established. Once established, the
retractor body 12 may be locked to an articulating arm (not
shown) by either one of the attachment members 53 of the
retractor body 12, or attachment members 109 of the medial
rack 108. Using a suitable tool or a finger, the surgeon then
releases soit tissue from the facet. A medial retractor blade
16 may then be imserted and retracted as desired and as
described above. As mentioned previously, the medial
retractor blade may operate to clear remaining soft tissue
from the facet. The medial retractor blade 16 may be angled
to match the operative corridor by pivoting the blade 1 a
plane that 1s transverse to the longitudinal axis of the medial
rack 108. In this fashion, the entire operative corridor may
be established at an angle that 1s suitable for superior access
to the disc space.

At this point, the tissue retraction assembly 10 1s posi-
tioned as shown by way of example mn FIGS. 47-50. The
surgeon has established a primary operative corridor 4 to a
surgical target site 1, and has distinct landmarks (1.e. the
implanted anchor members 7) delineating the cranial and
caudal boundaries of the relevant operative window (the
respective pedicles of the superior and inferior vertebrae 2,
3). The surgeon can now perform the necessary steps to
clean out the intervertebral disc space and perform the
interbody fusion procedure. This example procedure con-
tinues with a facetectomy in which at least a portion of the
facet joint 1s removed, allowing access to the intervertebral
disc space. The disc space 1s prepared using techniques
generally known 1n the art, including disc brushes, scrapers,
etc. The mterbody implant 1s then nserted into the cleaned
out disc space. By way of example only this may include,
but not be limited to, inserting one or more artificial or
allograit implants within the intervertebral space. According
to one example, the implant may be nserted and positioned
obliquely across the disc space. If necessary, the surgeon
may use the tissue retraction system 10 to distract the disc
space without expanding the incision at the patient’s skin
and without any further instrumentation. This tissue distrac-
tion feature of the disclosed device 1s described in greater
detail below.

After placement of the interbody implant, the distraction
of the screws 1s released, and the hoop shim assemblies 6 are
removed using the hoop shim removal tool 350 as described
above. The surgeon then “opens” the retractor slightly 1n a
caudal-cranial direction using the thumbscrews 240 on the
blades (opposed to the rack assembly 22) as described below
to increase the space around the pedicle screws. The pedicle
screw tulips are then mserted onto the pedicle screws (FIG.
51). A posterior fixation rod 1s then placed within the tulips
(FIG. 52), followed by compression (1f necessary) and
locking of the rod. With the procedure completed, the
retractor can be returned to a “closed” position and then
removed from the patient, closing the operative corridor
(FI1G. 53). The surgeon will then close the operative wound,
completing the procedure.
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The surgical fixation system S5 shown and described
herein by way of example boasts a variety of advantageous
features. An advantage of the present system 1s that i1t allows
for intraoperative adjustment of the operative corridor, and
in particular the angle of approach (1n all directions) to the
surgical target site with assurance that the exposure will not
stray from the desired target site because the distal ends of
the retractor blades 14, 16 are fixed in position at the target
site. This advantage 1s accomplished by one or more features
of the present invention. For example, the retractor blades
14, 16 that define the exposure are fixed to the target site
with a polyaxial engagement (e.g. the hoops shim assem-
blies 6 have a polyaxial interaction with the bone anchors 7).
The retractor blades 14, 16, 18 are each capable of multiaxial
movement relative to the retractor body 12. The first and
second retractor blades 14, 16 are capable of being locked 1n
an angulated position.

FIGS. 54-57 illustrate extreme angulation capabilities of
the tissue retraction system 10. Once the primary operative
corridor has been established as described above, 1t may
become necessary to alter the position of the operative
corridor, for example to be able to access intervertebral disc
material that otherwise would not be able to be accessed.
With the tissue retraction system 10 disclosed herein the
angle of the operative corridor 4 may be altered without
changing the surgical window at the target site—only the
approach angle changes. This 1s enabled by the multiaxial
movement capabilities of the retractor blades 14, 16, 18. In
this context, “multiaxial” means having the ability to pivot
in a number of different directions relative to an initial
position along one axis (or 1n a single plane). For example,
cach of the retractor blades 14, 16, has the ability to pivot in
both a caudal and cramial direction. Similarly, the medial
blade 18 has the ability to pivot 1n a caudal and cramial
direction. It 1s contemplated that the retractor blades 14, 16,
18 may also be capable of polyaxial movement. In this
context, “polyaxial” means having the ability to pivot 1n a
number of different directions relative to an 1nitial position
along a number of axes (or in a number of different planes).
Thus, blades may also be provided with the ability to pivot
in a medial and/or lateral direction, or 1n a generally arcuate
manner without departing from the scope of the present
invention. Similarly, the medial retractor blade 18 may also
be provided with the ability to pivot in a medial and/or
lateral direction, or in a generally arcuate manner without
departing from the scope of the present invention.

As mentioned previously, the result of this pivoting 1s that
the tissue retraction system 10 described herein 1s capable of
establishing and maintaining an angled operative corridor 4
to a surgical target site. The tissue retraction system 10 1s
able maintain this angulation due to the thumb screws 240
that are provided on each of the retractor blades 14, 16. As
described earlier 1n relation to FIGS. 22-26, the tlange 236
and thumb screw 240 of the first retractor blade 14 interact
with the second flange 166 of the first arm member 26 to
ecnable the lockable angulation feature of the first retractor
blade 14. Similarly, the flange 236 and thumb screw 240 of
the second retractor blade 16 interact with the second flange
196 of the second arm member 28 to enable the lockable
angulation feature of the second retractor blade 16. In one
embodiment, the aperture 238 on the flange 236 and the
thumb screw 240 are both threaded such that there i1s a
threaded engagement between the tlange 236 and thumb
screw 240. As best 1llustrated 1n FIG. 57, once a desired
angulation of the first retractor blade 14 is established, the
thumb screw 240 1s rotated clockwise to advance the
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the distal tip 245 of the thumb screw 240 engages the top
surface 184 of the second flange 166. At this point, the user
stops rotating the thumb screw 240 and the first retractor
blade 14 1s prevented from pivoting in the opposite direction
due to the threaded engagement of the flange 236 and thumb
screw 240, as well as the engagement between the distal tip
245 of the thumb screw 240 and the top surface 184 of the
second flange 166. This process 1s repeated for the second
retractor blade 16. For example, once a desired angulation of
the second retractor blade 16 1s established, the thumb screw
240 1s rotated clockwise to advance the threaded shaft 243
through the threaded aperture 238 until the distal tip 245 of
the thumb screw 240 engages the top surface 214 of the
second flange 196. At this point, the user stops rotating the
thumb screw 240 and the second retractor blade 16 1s
prevented from pivoting in the opposite direction due to the
threaded engagement of the flange 236 and thumb screw
240, as well as the engagement between the distal tip 245 of
the thumb screw 240 and the top surface 214 of the second
flange 196. The medial retractor blade 18 may be provided
with a locking element or be allowed to 1freely pivot.
However, once the first and second retractor blades 14, 16
are locked 1n position, the operative corridor 4 1s established
and will not move whether or not the medial retractor blade
18 15 locked 1n position.

FIGS. 58-61 illustrate the polyaxial engagement between
the hoop shim assembly 6 and the anchor member 7. Due to
the unique structure of the hoop member 304 and the head
8 of the anchor element 7, the hoop shim assembly 6 (and
by extension the retractor blade 14/16) 1s able to maintain
secure engagement to the anchor element 7 at a variety of
angulations, including variable angulations. For example the
hoop member 304 fits securely but loosely over the head 8
of the anchor member 7 to allow for locking of the hoop
shim assembly 6 to the anchor member 7 but also allowing
for polyaxial engagement therewith. This interaction
between the hoop member 304 and anchor member 7 will
serve several functions. First it provides a temporary but
secure attachment for the retractor blades 14/16 to help keep
the operative corridor secure during the surgical procedure
and act as fixed anatomical landmarks for the surgeon,
provided the surgeon knows exactly where the bone anchors
are placed. In other words, the operative window at the
surgical target site will not move even 1f the position of the
retractor body 12 were to move, or even 1f the angles of the
blades 14/16 were to alter, because the blades 14, 16 are
registered to the anchor members 7, which are already
implanted 1n the bone. Secondly, this interaction provides a
pivot point for the retractor assembly, allowing the surgeon
to tilt the retractor assembly (and therefore the operative
corridor) while maintaining the proper placement of the
distal end of the operative corridor (e.g. the space between
the anchor members 7). Another benefit to this feature 1s that
the retractor body 12 1s always securely registered to the
patient. Yet another benefit of this feature 1s that it enables
multi-axial maneuverability of the retractor blades 14/16.
More specifically, each retractor blade 1s able to tilt 1n a
caudal direction or cramial direction (or even medial or
lateral directions) without adversely aflecting the engage-
ment between the hoop shim assembly 6 and the anchor
member 7.

A second advantage of the tissue retraction system 10
disclosed herein 1s that 1t functions not only as a soit tissue
retractor but also may function as a distracter capable of
moving the adjacent vertebrae apart 1n order to distract the
intervertebral disc space 1n a caudal-cranial direction. There
are at least two distinct ways in which this can be accom-
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plished. The first 1s by locking the retractor blades 14, 16 in
a desired orientation as described above and then operating
the first toggle 30 of the rack member 22 to cause the
retractor blades 14, 16 to move apart from one another,
thereby distracting the disc space. With this first instance,
there would necessarily be an expansion of the operative
wound at the skin level, because the retractor body 12 1s
working to expand the entire operative corridor. The general
shape of the operative corridor (e.g. angulation of the
retractor blades 14, 16) remains constant but the width of the
operative corridor expands.

The second, alternative method of distracting the disc
space mvolves maintaining the first and second rack mem-
bers 58, 60 1n a stationary position, and then using the thumb
screws 240 on the first and second retractor blades 14, 16 to
cause the distal ends of the retractor blades 14, 16 to migrate
apart Ifrom one another. Since these distal ends are attached
to the implanted bone anchors 7, the result 1s a separation of
the vertebral bodies. However, since the retractor body 12
remains constant, there 1s no enlargement of the surgical
wound at the skin level. The general conical shape of the
operative corridor itsell changes, as the angulation of the
blades 14, 16 also changes. This type of distraction can
potentially have less detrimental effect to the patient because
the skin incision 1s relatively unaltered. Referring again to
FIG. 57, in order to accomplish this distraction, the user
starts with the first and second retractor blades 14, 16 locked
in position such that the distal tip 245 of the thumb screw
240 of the first retractor blade 14 1s engaged with the top
surface 184 of the second flange 166 of the first retractor arm
26, and the distal tip 245 of the thumb screw 240 of the
second retractor blade 16 1s engaged with the top surface 214
of the second flange 196 of the second retractor arm 28. At
this point, the user would rotate one or both of the thumb
screws 240 1 a clockwise direction (to enable increased
distraction) or 1n a counterclockwise direction (to decrease
the distraction).

For the sake of simplicity, this process will be further
described 1n relation to the first retractor blade 14 only,
however 1t will be understood that the process 1s the same for
the second retractor blade 16 as well. As the user rotates the
thumb screw 240 when the distal tip 245 1s engaged with the
top surface 184 of the second flange 166 of the first retractor
arm 26, tlange 236 will eflectively travel 1n a proximal
dlrectlon relative to the shaft 243 of the thumb screw 240,
since the distal tip 243 1s prevented from travelling 1n a distal
direction by the second flange 166. This causes the distal end
of the retractor blade to swing outward, or away from the
working channel. Since the distal end i1s engaged to a bone
anchor 7 via a hoop shim assembly 6 as described above, the
movement of the distal end of the retractor blade will cause
the bony segment to be displaced in the same direction
(away from the working channel). This causes distraction of
the disc space. This process can be performed independently
for each retractor blade 14, 16, thus enabling further cus-
tomization of the operative corridor and/or surgical target
site.

A third advantage of the tissue retraction system 10
described herein 1s the ability to intraoperatively exchange
retractor blades 14, 16, 18. For example, this may be usetul
in situations 1n which the user desires one blade to be longer
than the other. FIGS. 62-63 illustrate option for diflerent
s1ized blades. Because the blades 14, 16 are independently
insertable, and are also 1nserted prior to the retractor body 12
being attached, an opportunity exists for a surgeon to elect
multiple sized retractor blades depending upon the type of
procedure to be performed. For example, 1 the surgeon 1s
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anticipating the need for extreme angulation 1n a particular
direction, he or she may choose to use a longer retractor
blade to accommodate for increased angle of one of the
retractor blades. The interchangeability of the retractor
blades allows for customization of the operative corridor.

FIGS. 64-67 1llustrate an example of an inserter 400 for
use with the tissue retraction system 10 of the present
invention. As mentioned previously, the bone anchor 7, hoop
shim assembly 6, and retractor blade 14 may then be coupled
to an inserter, and advanced simultaneously through the
operative corridor to the surgical target site. FIGS. 64 and 65
illustrate a bone anchor 7, hoop shim assembly 6, and
retractor blade 14 coupled to the inserter 400. In order to
couple the various components together prior to insertion
through an operative corridor, the first step 1s to slidably
engage the unlocked hoop shim assembly 6 with the retrac-
tor blade 6 as described above. The bone anchor 7 1s then
loosely coupled with the hoop shim assembly 6. The hoop
shim assembly 6 i1s then locked with the bone anchor 7
engaged. The inserter 400 1s then slidably engaged to the
retractor blade 14 (as described below), advanced toward the
bone anchor 7, and then releasably coupled to the bone
anchor as described below. Once this coupling has occurred,
the insertion assembly 1s very secure due to the fact that each
component (bone anchor 7, hoop shim assembly 6, retractor
blade 14 and inserter 400) 1s coupled to two other compo-
nents at the same time. Specifically, the bone anchor 7 1s
coupled to the hoop shim assembly 6 and mserter 400. The
hoop shim assembly 6 1s coupled to the bone anchor 7 and
retractor blade 14. The retractor blade 400 1s coupled to the
hoop shim assembly 6 and the inserter 400. The nserter 400
1s coupled to the bone anchor 7 and retractor blade 14. The
result 1s a secure and robust engagement that allows the user
to salely advance the components to the surgical target site.

Referring to FIGS. 66 and 67, the inserter 400 includes a
receiver assembly 402, a drniver assembly 404, and an
engagement assembly 406. Broadly, the receiver assembly
402 includes a recerver member 408, an elongated shaft 410,
and a thumbwheel 412, and functions to securely engage the
exterior of the head 8 of the anchor member 7. The driver
assembly 404 includes cannulated driver 414, a housing 416,
and a proximal engagement member 418, and functions to
engage the head of the bone anchor 7 and drive it into the
bone. The engagement assembly 406 includes a blade
engagement member 420 and functions to engage the
inserter 400 and retractor blade 14, as well as enable the
locking of the head 8 of the anchor member 7 within the
receiver assembly 402.

Referring to FIGS. 68-70, the recetver member 408 1s a
generally cylindrical member having a proximal end 424, a
distal end 426, and a body 428 extending therebetween. The
receiver member 408 further includes a central lumen 430
extending therethrough from the proximal end 424 to the
distal end 426. At the proximal end 424, the central lumen
430 has a first diameter. At the distal end 426, the central
lumen 430 has a second diameter that 1s greater than the first
diameter, forming a receptacle 432 configured to receive the
head 8 of the anchor member 7 therein. The distal end 426
further includes a plurality of deflectable flanges 434
arranged radially about the distal end 426. The detflectable
flanges 434 include a raised surface 436 extending radially
outward at the exterior of the distal end 426. Within the
central lumen 430, the deflectable tlanges 436 also include
a concave surface 438 such that the opening 440 of the
central lumen 430 has a smaller diameter than that of the
receptacle 432. The raised surfaces 436 interact with the
distal aperture 494 of the engagement assembly 406 to cause
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the flanges 434 to be deflected inward. This 1n turn causes
the concave surfaces 438 to engage the neck 9 of the bone
anchor 7, thereby entrapping the head 8 within the receptacle
432. The proximal end 424 further includes a plurality of
apertures 442 formed therein, the apertures configured to
rece1ve connectors 452 at the distal end 446 of the shait 410.
By way of example only, the receiver member 408 includes
four apertures 442, however, any number may be provided
without departing from the scope of the present invention.

Referring to FIGS. 67, 71 and 72, the shait 410 has a
proximal end 444 and a distal end 446. The proximal end
444 1ncludes a threaded region 448 configured to threadedly
engage the thumbwheel 412, as will be described in further
detail below. The shaft 410 1s cannulated and therefore has
a lumen 450 extending therethrough from the proximal end
444 to the distal end 446. The lumen 450 1s dimensioned to
receive a K-wire (not shown) or similar gmidance tool to
guide the inserter 400 to the surgical target site during a
surgical procedure. The distal end 446 includes a plurality of
connectors 452 dimensioned to be received within the
apertures 442 on the receiver member 408. The connectors
452 snugly fit within the apertures 442 and are provided to
prevent the recetver member 408 from rotating when the
bone anchor 7 1s being driven into bone.

The thumbwheel 412 has a lumen 454 extending axially
therethrough and includes a pair of recesses 456 located on
cither end of the lumen 454 the recesses are each configured
to receive a stopper 458 therein. The stoppers 458 are
annular members that help hold the thumbwheel 412 1n
place and provide friction resistance to the thumbwheel 412
so that some force 1s required to turn the thumbwheel 412.
The lumen 454 1s threaded to interact with the threaded
region 448 of the shaft 410. As will be explained below, the
thumbwheel 412 1s operable to cause the shait 410 to
translate proximally and distally, thereby causing the
receiver member 408 to translate in and out of the distal
aperture 494 of the engagement assembly 406, and further
causing the receiver member 408 to lock or unlock a head of
an anchor member 7 therein. The thumbwheel 412 1s further
provided with a suitable friction engagement element 460,
for example ridges, recesses, bumps, adhesives, and the like,
for enabling a user to grip and rotate the thumbwheel 412.

Referring to FIGS. 67 and 73, the housing 416 includes a
proximal end 462, a distal end 464, and an aperture 466
positioned thereimn. The aperture 466 i1s dimensioned to
receive the thumbwheel 412 and at least a portion of each of
the stoppers 458. The housing 416 1s cannulated, having a
lumen 468 extending therethrough dimensioned to receive
the shaft 410 therein. The proximal end 462 includes a post
470 dimensioned to engage the proximal attachment mem-
ber 418. The distal end 464 includes a second post 472
dimensioned to engage the cannulated driver 414. The
proximal engagement member 418 extends proximally from
the housing 416 and is configured to engage an attachment
(c.g. a T-handle) that enables the application of torque by a
user 1n order to drive a bone anchor 7 1nto bone.

Referring to FIGS. 74 and 75, the cannulated driver 414
includes a proximal end 474, a distal end 476, and an
clongated cylindrical shaft 478 extending therebetween. The
cannulated driver 414 further includes a lumen 480 extend-
ing axially therethrough, the lumen 480 configured to
receive the shaft 410 of the receiver assembly 402. The distal
end 476 includes a first cylinder 482 adjacent the shaft 478
and a second cylinder 484 extending distally from the first
cylinder 482. The first cylinder 482 1s configured to engage
the blade engagement member 406. The second cylinder 484
has a diameter that 1s smaller than the diameter of the first
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cylinder 482, and 1s configured to be at least partially
received within the lumen 430 of the receiver member 408.
The second cylinder 484 includes a plurality of elongated
slots 488 extending axially therethrough. The elongated
slots 488 are provided i1n a number corresponding to the
number ol connectors 452 provided on the shait 410. By
way ol example, the second cylinder 484 includes four
clongated slots 488, however any number 1s possible. The
clongated slots 488 each have width dimension correspond-
ing to the diameter of the connectors 452. The connectors
452 are shidably engaged within the elongated slots 488, as
illustrated by way of example in FIGS. 76 and 77. The
length of the elongated slots 488 determine the degree of
translation of the shaft 410, and thus the receiver member
408 that 1s allowed upon operation of the thumbwheel 412.

Retferring to FIG. 78, the engagement assembly 406
includes a blade engagement member 420 and a cylindrical
body 422. The blade engagement member has a pair of
clongated wings 490 that are configured to slidably engage
the track grooves 252 of the first and/or second retractor
blades 14, 16. The cylindrical body 422 includes a lumen
492 extending axially therethrough and a distal aperture 494.
The lumen 492 1s dimensioned to receive the receiver
member 408 and cannulated driver 414 therein. The aperture
494 1s dimensioned to allow passage of the recerver member
408 therethrough. The blade engagement member 420 fur-
ther includes an axially oriented deflectable flange 496
extending thereon, the detlectable tlange 496 including a
knob 498 configured to be recerved within the recesses 250
in the retractor blade 14. When the knob 498 i1s positioned
within a recess (or notch) 250, the flange 496 1s 1n a relaxed
position. As the iserter 400 1s being advanced along the
retractor blade 14, the knob 498 i1s forced out of the recess
250 and the flange 496 15 detlected and under stress. When
the knob 498 enters the next recess 2350, the tlange 496 snaps
back into 1ts 1nitial position. This provides both a tactile and
audible indication of the sequential advancement of the knob
498 along the series of recesses 250. In this manner, the user
may be able to use the audible and tactile indications to
determine how far the inserter 400 has been advanced along
the retractor blade 14.

In use, preferably the hoop shim assembly 6, bone anchor
7, and retractor blade 14 are coupled together as described
above, with the hoop shim assembly 6 1n the locked position.
The inserter 400 1s provided in an 1nitial position, with the
distal end 426 of the receiver member 408 protruding from
the distal aperture 494 of the engagement assembly 406. The
iserter 400 1s coupled to the retractor blade 14 via the
engagement between the wings 490 of the engagement
assembly 406 and the track grooves 2352 of the retractor
blade 14. Once coupled to the retractor blade 14, the imserter
1s slidably advanced along the retractor blade until the head
8 of the anchor member 7 is recerved within the receptacle
432 of the receiver member 408. The openming 440 1s slightly
smaller than the diameter of the head 8 of the anchor
member 7, and thus there will be a tactile and/or audible
indication as to when the anchor member 7 1s received
within the receiver member 408. Once this indication 1s
relayed, the user then turns the thumbwheel 412 to lock the
head 8 within the receiver member 408. Clockwise rotation
of the thumbwheel 412 causes the shaft 410 (through the

threaded engagement between the threaded region 448 of the
shaft 410 and the threaded lumen 454 of the thumbwheel

412) to migrate proximally through the inserter 400. Due to
the engagement between the connectors 452 and the recerver
member 408, a proximal migration of the shait 410 causes
a proximal migration of the receiver member 408. This 1n




US 10,172,652 B2

37

turn draws the distal end 426 of the receiver member 408
through the distal aperture 494 of the engagement assembly
406. As this happens, the raised surface 436 interacts with
the distal aperture 494 to cause the flanges 436 to be
deflected radially inward. This causes the concave surfaces
438 to become engaged with the head 8 and/or neck 9 of the
anchor member 7, thereby securely locking the anchor
member 7 to the mserter 400. The assembly comprising the
hoop shim assembly 6, anchor member 7, retractor blade 14,
and inserter 400 1s now ready for use.

To disengage the mnserter 400 from the anchor member 7,
the thumbwheel 412 i1s rotated 1n a counterclockwise direc-
tion. This rotation reverses the effects described above, and
releases the inserter 400 from the anchor member 7. The

inserter 400 may then be slidably removed from the retractor
blade 14.

FIGS. 79-82 illustrate an example embodiment of a
reattachment tool 500 for use with the tissue retraction
system 10. The reattachment tool 500 may be used to
simplily the act of reattaching a hoop shim 6 (and retractor
blade 14, 16) to the head of an implanted bone anchor 7, in
the event the hoop shim 6 becomes inadvertently or inten-
tionally disengaged. For example, during the procedure the
user may decide to swap out one or both of the retractor
blades 14, 16 with longer or shorter blades. To do this, the
user the user may disengage the hoop shim 6 from the bone
anchor 7, with the hoop shim removal tool 350. The hoop
shim 6 and retractor blade 14, 16 are removed from the
operative corridor while the bone anchor 7 remains
anchored. The new blade 14, 16 and hoop shim 6 are
engaged, as described above, with the hoop shim 6 in the
unlocked position. The reattachment tool 300 1s then
engaged with the retractor blade 14, 16 above the hoop shim
6 and the blade, hoop shim, and reattachment tool are
advanced towards the bone anchor 7. The hoop member 1s
then attached over the bone anchor 7 and the hoop shim 1s
locked.

The reattachment tool 300 includes an outer body 502, an
anchor engaging member 504, a shim engaging member
506, and a blade engaging member 508. With reference to
FIGS. 80-81, the anchor engaging member 502 includes a
shaft 510 terminating 1n a distal head 512 with a spherical
pocket 514. The anchor engaging member 1s spring loaded
in a distal cavity 516 of the body 502. The shaft 510 has a
neck region 518 with a diameter that 1s larger than the rest
of the shaft 510. A spring 520 encircling the shaft 510 is
captured between the neck 516 and a back wall 522 of the
cavity 5316. A pin 526 traversing through cavity 516 prevents
passage of the neck 518, keeping the anchor engagement
member 504 fixed 1n the body 502. A cutout 526 between the
distal head 512 and the neck 518 permits the anchor engag-
ing member to slide along the pin 524 between a neutral
position wherein the distal head 512 extends out of the body
502 and a depressed position wherein the distal head 512 1s
tully recerved within the body 512. With the anchor engag-
ing member 504 contacting the head 8 of bone anchor 7,
downward pressure 1s applied to the body 502 causing the
distal head 512 of the anchor engaging member 504 to
retract into the body 502 as the body 502 advanced towards
the anchor site. The opening 528 at the distal end of the body
502 1s large enough to receive the head 8 therein. As the head
8 1s received into the body 3502, the distal end presses the
hoop member 304 over the head 8, such that the hoop shim
6 and bone anchor 7 are engaged in the unlocked position.
The spherical pocket 514 of the distal head 512 comple-

ments the head 8 of the bone anchor 7 to help maintain
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engagement and alignment of the distal head 512 and anchor
head 8. A handle 530 1s preferably included to facilitate use
ol the reattachment tool.

The shim engaging element 506 has a base 532 and an

arm 334 ending 1n a pair of fingers 536. The base 332 is
spring loaded 1n a proximal cavity 5336 of the body 502. The
arm 534 and fingers 336 extend along the outside of body
502. Slot 538 1n body 502 allows the base 5332 and arm 534
to travel along the body 532. A spring 540 1s captured
between a front wall 542 of the proximal cavity 336 and the
base 532 and holds the shim engaging element 506 in a
neutral position. Fingers 3536 slidably engage the track
grooves 252 of the retractor blade 14, 16 and rest above the
top of the shim element 302 of the hoop shim 6 when 1n the
neutral position. Pusher 544 connects to the base 532
through a proximal end 548 of the body 502 and is used to
advance the shim engaging element 506 distally towards the
hoop shim 6. After reengaging the hoop member 304 over
the anchor head 8, and with the distal end of the body still
pressed against the hoop member 304 at the anchor site (and
thus with the anchor head 8 still captured within the body
502), the pusher 1s used to apply downward force to the shim
clement 302, via the fingers 536, to move the hoop shim into
the locked configuration. The pusher 544 preferably
includes an enlarged end 546 for easier use.
The blade engagement member 508 extends from the
body 502 and includes a deflectable flange 550 extending
thereon. The deflectable tlange 350 includes a knob 552
configured to be received within the recesses 250 1in the
retractor blade 14, 16. When the knob 552 i1s reattachment
tool 500 1s being advanced along the retractor blade 14, 16,
the knob 552 1s forced out of the recess 250 and the flange
550 1s deflected and under stress. When the knob 552 enters
the next recess 250, the flange 550 snaps back into 1ts nitial
position. This provides both a tactile and audible indication
of the sequential advancement of the knob 552 along the
series ol recesses 250, as well as a secure (but releasable)
engagement to the retractor blade 14, 16. The fingers 536 of
the shim engaging element are situated on either side of the
blade engaging element 508 and slhidably engage the track
grooves.

Turing to FIGS. 83-86, the surgical fixation system
described herein may be provided with a number of addi-
tional features or accessories. For example, as depicted in
FIG. 83, a light cable 554 capable of coupling to the retractor
blade assemblies and illuminating the operative corridor
without obstructing the surgeon’s view may be provided.
The light cable 554 has an offset distal end 556 and wing
extensions 358 beginning proximally to the oflset distal end.
In this configuration the distal end 556 can slide over the
shim element 302 when the light cable 1s advanced down the
track grooves 252, as shown in FIG. 84. By extending the
distal end 556 over the shim element 302 of the hoop shim,
glare that might occur from light retlecting oil of the shim
clement 302 1s negated. An o-ring 560 disposed around the
distal end 558 engages the slot 340 of the shim element 302
to secure the light cable 554 from unwanted movement. The
light cable may be bendable but also capable of holding 1ts
bended such that the proximal portions can be bended out of
the way after exiting the retractor blade.

By way of further example, tissue shims 562 are capable
of coupling to the retractor blade assemblies to extend the
width of the retractor blades. The tissue shims 562 include
a blade engaging portion 564. The blade engaging portion
includes wing extensions (not shown) that slidably engage
the track grooves 252 of the retractor blade 14, 16. A
deflectable tab 566 similar those previously described
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engages the notches 250 on the interior face of the retractor
blades 14, 16 to secure the position of the tissue shim 562
along the retractor blade. Branches 568 extend outward and
downward from the blade engaging portion 564, such that
when the blade engaging portion 564 1s slidably receirved
down the track grooves 252 of the retractor blade 14, 16, the
branches 568 extend down to the target site, or nearly so,
while the blade engaging portion remains above the shim
clement 302 of the hoop shim 6. The light cable 354 may be
inserted above the tissue shim 562.

Still by way of further example, though not shown, a
fourth blade attachment may be provided that independently
places a fourth retractor blade within the operative corridor
opposite the medial retractor blade. The fourth retractor
blade assembly may be attached to retractor body, medial
blade assembly, or either of the first or second (or both)
retractor blade assemblies. The fourth retractor blade may be
attached to the retractor body so as to allow multi axial
movement or polyaxial movement. The fourth retractor
blade may be used to expand the operative corridor laterally
to expose the transverse processes. The fourth retractor
blade may be similar to the third retractor blade 18 described
above. The blade extension of the fourth retractor blade may
be free tloating as described for retractor blade 18 or it may
be fixed. In either case, 1t 1s intended that the distal end of
the forth retractor blade may elevate tissue ofl of the bone as
it 1s extend or swept laterally. Exposing the transverse
processes 1n this manner may provide the ability to increase
fusion of the adjacent vertebrae by fusing the transverse
processes together.

According to yet still another example, a malleable wall
barrier may be provided that can be inserted between the
retractor blades and the surrounding soit tissue to help keep
the soft tissue out of the operative corridor and surgical
target site. This malleable barrier may be semi-rigid 1n that
it can be formed to conform to a desired shape yet hold this
shape under pressure from the surrounding tissue. It 1s
contemplated that this malleable barrier be supported by the
retractor blades, but not necessarily attached to them. The
malleable barrier may also extend out of the operative
corridor (out of the patient) and be capable of being “folded”
to lie on the patient’s skin so as to be out of the surgeon’s
way.

While the retractor system 10 and methods described
above have been directed towards single level fusion, 1t 1s
possible to perform multiple level fusions using the retractor
system 10. This may be accomplished 1n a number of
different fashions. For example, the steps described above
can be completed 1n the same fashion expect that the
blade-shim-anchor assemblies are implanted in the pedicles
of the vertebra at either end of the multi level spinal segment
such that the operative corridor simply spans the entire
segment. Alternatively, the operative corridor may be
adjusted to expose each level of the mult1 level fusion
sequentially. In this case, a third blade-shim-anchor assem-
bly 1s advanced and anchored into the pedicle of the addi-
tional vertebra. For efliciency, this step may be performed at
the same time the blade-shim-anchor assemblies are
anchored to the first and second pedicles or 1t may be
performed once the user 1s ready to begin work on the
additional level(s). The hoop shim 6 1s disengaged from the
bone anchor 7 at the middle vertebrae of the segment and the
retractor blade 14 or 16 1s removed and replaced with a
retractor blade 16 or 14, respectively, that faces the opposite
direction (and the added third retractor blade). In one
example this may be accomplished using the reattachment
tool 500 as described above. According to another example,

5

10

15

20

25

30

35

40

45

50

55

60

65

40

an alternate retractor blade 600 may be provided to facilitate
swapping of the left and right facing blade at the maddle
level.

FIG. 87 illustrates an alternate retractor blade 600 that
may be used with the retractor assembly 10 to facilitate
multilevel procedures. The retractor blade 600 1s similar to
blade 14, 16 described above and includes an attachment
portion 602 and a blade portion 604. The attachment portion
602 1s generally 1dentical to the attachment portion 220 of
retractor blade 14, 16, such that repeat discussion 1s unnec-
essary.

The blade portion 604 1s also similar to the blade portion
222 of retractor blade 14, 16 1n that 1t extends distally from
the attachment portion 602 and includes an outside surtace
606, an inside surface 608, a first lip 610, and a second lip
611. The first lip 610 and second lip 611 comprise edges of
the blade portion 604 and each extend along the length of the
blade portion from the attachment portion 602 to the distal
end of the blade portion 604. The first and second lips 610,
611 arc asymmetric relative to one another. For example, the
first lip 610 has a concave portion 613 that allows for
clearance of spinal anatomy during blade angulation. The
outside surface 1s a smooth arcuate surface configured to
interact with the patient’s soit tissue near the operative
corridor. The outside surface 606 extends from the attach-
ment portion 602 at a non-orthogonal angle relative to the
top surtace of the attachment portion. Since much of the
blade has a generally uniform thickness, the inside surface
608 extends from the attachment portion 602 at the same
non-orthogonal angle relative to the top surface. Thus, the
cllect 1s that the operative corridor 1s immediately estab-
lished having a conical shape with no further adjustment of
the tissue retraction assembly 10 required. Additionally, the
blade portion extends from the attachment portion 602 such
that the blade face 1s oriented orthogonal to the attachment
portion 602. Thus, when the retractor blade 600 1s attached
to the retractor body 10, the inside surface 608 faces the
operative corridor at an angle, for example between 20 and
60 degrees). This orientation of the blade portion relative to
the attachment portion helps optimize the shape of the
operative corridor.

Where the retractor blade 600 diflers from the retractor
blade 14, 16, 1s 1n that the inside surtace 608 1s not formed
of a single surface, but rather 1t includes a track insert 612.
As best viewed 1n FIG. 88, 1inner surtface 608 has recess 614
which slidably receives the track insert 612 from the bottom
of the blade portion. Edges 616 of the track mnsert 612 slide
into grooves 618 formed 1n the sides of the recess 614. A
deflectable tab 620 extends into the recess 614 pointing
upward. As the track insert 612 advances into the recess 614
it deflects the tab 620 allowing the insert 612 to pass. When
the track insert 612 1s fully inserted into the recess 614 1t
abuts an upper portion 622 such that the track insert 612 and
upper portion form a generally flush inner face. Together, the
upper portion 622 and track insert 612 also define track
grooves 630 that slidably receive the shim element 302 (as
well as the inserter 400, reattachment tool 500, light cable
554, tissue shim 562, and gmde 650, for example). The
deflectable tab 620 aligns with a horizontal aperture 624
near the top of the track 1nsert 612 when the track 1nsert 1s
tully mserted and the tab 20 returns to a natural position,
catching the horizontal aperture like a hook such that the
track msert cannot disengage from the recess 614. The track
insert includes stops 632 that prevent the hoop shim 6 from
disengaging from the bottom. The upper portion 622 and the
track insert 612 both include notches 626 that function like
the notches 252 described above.
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Initially, the hoop shim 6 and bone anchor 7 may be
engaged to the retractor blade 600, coupled to the inserter
400, and implanted 1nto the appropriate pedicle as described
above for blade 14, 16. To replace the blade 600 with an
opposite facing blade 600'(or to simply change blades for a
longer or shorter blade), rather than removing the hoop shim
6 and reattaching the hoop shim together with a new blade,
as described above, the hoop shim 6 and track insert 612
remain attached to the bone anchor 7 (as 1in FIG. 91) and a
new retractor blade 600' (having the desired new orientation
or size) slides onto the track nsert 612.

With reference to FIGS. 92-100, a guide mstrument 650
according to an example embodiment 1s pictured. The Guide
instrument functions to both disengage the track insert 612
from the deflectable tab 620 and to guide the new blade onto
the track msert 612. The guide 650 includes a driver 652, an
actuator 654, and a body 656. The body 656 has a generally
tubular outer shaft 658 fitted with a handle 660 at the
proximal end and a housing 662 at the distal end. The
underside of the outer shaft 658 includes an engagement
plate 664 that slidably engages the track grooves 630 of the
blade portion 604. The housing 662 holds the actuator 635
and has an opening 666 through the engagement plate 664.
The driver 652 has a knob 668 to facilitate rotation of the
driver. The distal end 670 of the driver includes a projection
672. By way of example, the projection shown has a
generally half circle shape. The projection 672 1s oflset from
the center of the distal end 670 such that rotation of the
driver 652 causes the height of the projection 672 to change
as 1t travels the circumierence. The projection 672 extends
into housing 662 and rests 1n slot 674 of the actuator 654. As
projection 672 travels along the circumierence of the distal
end 670, it drives the actuator 654 up or down. When the
actuator 1s forced to the bottom of the housing 662, that is
when the actuator 1s in a locked position, a horizontal
extension 676 extends through the opening 666. When fully
engaged with the retractor blade 600, the horizontal exten-
sion 676 aligns with the horizontal aperture 624 of the track
insert. The horizontal extension 676 passes through the
horizontal aperture 624, deflecting the tab 620 inward and
releasing the track insert 612 from the rest of retractor blade
600. The blade 600 can then be removed by sliding the blade
along the engagement plate 664. The guide 650 remains 1n
place and the replacement retractor blade 600' slides down
the engagement plate 664 onto the track insert 612. Rotating
the driver to the unlocked position draws the horizontal
extension 676 into the housing 662 and the deflectable tab
620 replaces the horizontal extension in the horizontal
aperture.

With reference now to FIGS. 101-108, the surgical retrac-
tion system 10 1s demonstrated 1n use for performing a multi
level TLIF procedure. By way of example, the mult1 level
procedure begins the same way as the single level procedure
described above (except that the anchor-shim-blade combi-
nation for the third vertebra may be placed at the same time
as the others) and with reference to FIGS. 47-57. This
description of the multi level procedure picks up after the
user has completed work at the first level (e.g. performed a
discectomy and implanted a fusion implant), but before the
spinal rod 1s 1nserted connecting the anchors 7 (FIG. 51).
The hoop shim 6 1s removed from the outer vertebra of the
completed level, a bone anchor recerver 1s attached to anchor
7, and the corresponding retractor blade 16 1s removed. The
guide mstrument 630 1s advanced down the track grooves of
the middle blade (1.e. the retractor blade positioned over the
center vertebra of the multi level segment) (FIG. 101). When
tully seated, the guide 6350 1s actuated to engage the hori-
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zontal extension 676 into the horizontal aperture 624 to
disengage the tab 620. With the tab 620 disengaged, the
retractor blade 600 1s removed leaving the track insert 612
and guide 6350 attached to anchor 7 via the hoop shim 6 (FIG.
102).

The new retractor blade 600' 1s slidably engaged to the
guide 650 and advanced into the operative corridor along the
engagement plate 664 of the guide. When the retractor blade
recess 614 of blade 600" has fully received the track insert
612, the guide 650 1s actuated to release the detlectable tab
620, locking the track insert 612 to the new blade 600'. The
guide 650 1s then removed.

At this point, with the retractor blades 14, 600' protruding
from the incision and the distal ends of the blades being
securely registered to the anchor members 7 via the hoop
shim assemblies 6, the retractor blades 14, 600" may be
attached to the retractor body 14 (FIG. 104). The surgeon
may then operate the retractor body 12 to cause the retractor
blades 14, 14, 600' to move 1n cranial and caudal directions,
respectively, at the skin level. As previously described,
because the distal portions of the retractor blades 14, 600" are
securely (and polyaxially) registered to the implanted anchor
members 7, the distal end of the blades will not move.
However, the angle of the retractor blades 14, 600' relative
to the anchor members 7 may be adjusted to a desired angle
and the new operative corridor will be established to the
second spinal level. Once established, the retractor body 12
may be locked to an articulating arm (not shown) by either
one of the attachment members 33 of the retractor body 12,
or attachment members 109 of the medial rack 108. Using
a suitable tool or a finger, the surgeon then releases soft
tissue from the facet. A medial retractor blade 16 may then
be inserted and retracted as desired (FIG. 105). As men-
tioned previously, the medial retractor blade may operate to
clear remaining soft tissue from the facet. The medial
retractor blade 16 may be angled to match the operative
corridor by pivoting the blade 1n a plane that 1s transverse to
the longitudinal axis of the medial rack 108. In this fashion,
the entire operative corridor may be established at an angle
that 1s suitable for superior access to the disc space.

At this point, with the new operative corridor 4' estab-
lished, and has distinct landmarks (1.e. the implanted anchor
members 7) delineating the cramial and caudal boundaries of
the new operative window. The surgeon can now perform
the necessary steps to clean out the intervertebral disc space
and perform the interbody fusion procedure. As above, this
may include a facetectomy in which at least a portion of the
facet joint 1s removed, allowing access to the intervertebral
disc space and a discectomy. The mterbody implant 1s then
inserted 1nto the cleaned out disc space. By way of example
only this may include, but not be limited to, inserting one or
more artificial or allograft implants within the intervertebral
space. According to one example, the implant may be
iserted and positioned obliquely across the disc space. If
necessary, the surgeon may use the tissue retraction system
10 to distract the disc space with the retractor body 12.

After placement of the interbody implant, the distraction
ofl the screws 1s released, and the hoop shim assemblies 6
are removed using the hoop shim removal tool 350 as
described above. The surgeon then “opens” the retractor
slightly 1n a caudal-cranial direction using the thumbscrews
240 on the blades (opposed to the rack assembly 22) as
described below to increase the space around the pedicle
screws. The pedicle screw receivers or tulips are then
inserted onto the pedicle screw and the retractor blade 600
can be actuated to expand out to the first anchor of the first
vertebra (preferably by splaying the distal portion of the
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retractor blade to minimize expansion at the top of the
operative corridor. A spinal fixation rod 1s then placed within
the tulips, followed by compression (if necessary). With the
procedure 1s completed, the retractor can be returned to a
“closed” position and then removed from the patient, closing
the operative corridor. The surgeon will then close the
operative wound, completing the procedure.

Although described with respect to specific examples of
the different embodiments, any features of the systems and
methods disclosed herein by way of example only may be
applied to any of the embodiments without departing from
the scope of the present invention. Furthermore, procedures
described for example only involving specific structure (e.g.
vertebral bone) may be applied to another structure (e.g.
femur) without departing from the scope of the present
invention. While this invention has been described 1n terms
of a best mode for achieving this mvention’s objectives, i1t
will be appreciated by those skilled 1n the art that variations
may be accomplished in view of these teachings without
deviating from the spirit or scope of the mnvention.

One advantageous feature of the surgical fixation and
retraction system described herein 1s the registration of the
distal ends of the retractor blades 14, 16 to the implanted
bone anchors 7. Although described herein by way example
as using a hoop shim assembly 6 to accomplish this purpose,
other attachment mechanisms are possible, including but not
limited to sutures, cables, hooks, etc.

The example method of performing surgery described
herein disclosed the use of an electrified tap, in order to
cnable pedicle integrity testing during pilot hole formation.
However, the system described herein may be provided with
additional features to enable pedicle integrity testing before,
during, and after placement of the bone anchors within the
pedicle. For example, using the electrified tap as described
above 1s one way to test for pedicle integrity prior to
placement of the bone anchors. However, the system may be
equipped to continuously monitor for pedicle itegrity dur-
ing placement of the bone anchors as well. For example, the
blade-anchor-shim-inserter assembly may be substantially
insulated, either through an 1nsulative coating or an external
barrier (e.g. sheath, cannula, etc) such that only a portion of
the bone anchor (e.g. the distal tip) 1s electrified to deliver
stimulation to evoke an EMG response. EMG monitoring
can be continuous to test for potential pedicle breach during
placement of the bone anchors. Moreover, pedicle integrity
can be further tested for upon final placement of the bone
anchors.

Although shown and described heremn in use with a
specific example of a TLIF procedure on a human spine, the
tissue retraction assembly herein may be used for a variety
of different procedures involving any parts of the body. The
surgical fixation system described herein 1s well suited for
use 1n any procedure involving decompression using bone
anchors. The surgical fixation system can be used for any
type of bony fusion, including discectomy and fusion.
Within the spine space apart from fusion, the tissue retrac-
tion system can be used to create an operative corridor to
enable any type of procedure, including but not limited to
vertebral augmentation and vertebroplasty.

By way of example only, the various components of the
surgical fixation system described herein may be manufac-
tured of any material suitable to achieve the goals of stability
and rigidity, including the ability to use the blades to distract
the bony segments. By way of example only, the retractor
body and retractor blades are made of stainless steel, how-
ever any metallic substance 1s possible without departing
from the scope of the present invention. Moreover, any part
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of the system described herein, including for example the
retractor blades, may be composed of image-iriendly mate-
rial such as carbon fiber reinforced polymer (CFRP) or
poly-ether-ether-ketone (PEEK) without departing from the
scope of the present imnvention. The ability to intraopera-
tively switch out retractor blades may be advantageous in
that one or more 1mage-iriendly retractor blades may be
used to mitially establish the working channel, and then be
intraoperatively exchanged for a stainless steel retractor
blade 1n the event that the surgeon wishes to use the blades
to distract the disc space.

What 1s claimed 1s:

1. A retractor for creating an operative corridor to a
surgical target, the retractor comprising:

a retractor body which includes a first arm and a second
arm, the first arm and the second arm being movable
relative to each other 1n a first direction;

a first retractor blade attachable to the first arm, the first
retractor blade comprising a first blade proximal end
attachable to the first arm, a first blade distal end, a first
blade length, a first blade inside surface, and a first
blade outside surface, wherein the first blade outside
surface 1s a smooth continuous arcuate surface config-
ured to interact with a patient’s soft tissue, the first
blade length 1s sutlicient to extend through an operative
corridor extending from a position outside the patient’s
skin to the patient’s spine, the first retractor blade
including

a {irst hoop extending orthogonally from the distal end of
the first blade, configured to releasably couple to a
partially spherical bone anchor head, and

a first locking mechanism configured to cause the first
hoop to assume an unlocked position which allows
passage of the bone anchor head and a locked position
which prevents passage of the bone anchor head; and

a second retractor blade attachable to the second arm, the
second retractor blade comprising a second blade
proximal end attachable to the second arm, a second
blade distal end, a second blade length, a second blade
inside surface, and a second blade outside surface,
wherein the second blade outside surface 1s a smooth
continuous arcuate surface configured to interact with a
patient’s soft tissue, the second blade length 1s sufli-
cient to extend through an operative corridor extending
from a position outside the patient’s skin to the
patient’s spine, the second retractor blade including

a second hoop extending orthogonally from the distal end
of the second blade, configured to releasably couple to
a partially spherical bone anchor head, and

a second locking mechanism configured to cause the
second hoop to assume an unlocked position which
allows passage of the bone anchor head and a locked
position which prevents passage of the bone anchor
head.

2. The retractor of claim 1, comprising a third arm
movable relative to the first arm and the second arm 1n a
second direction orthogonal to the first direction; and a third
retractor blade attachable to the third arm.

3. The retractor of claim 2, wherein the third retractor
blade 1s pivotable relative to the third arm.

4. The retractor of claim 3, wherein the third retractor
blade 1s pivotable relative to the third arm 1n the first
direction.

5. The retractor of claim 2, wherein the third blade
comprises a distal anchor element.
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6. The retractor of claim 5, wherein the distal anchor
clement 1s selected from the group consisting of: a series of
ridges, a series ol spike members, and a combination of the
foregoing.

7. The retractor of claim 1, wherein at least one of the first

and second retractor blades 1s capable of multiaxial move-
ment relative to the retractor body.

8. The retractor of claim 7, wherein the first and second

retractor blades are capable of multiaxial movement relative
to the retractor body.

9. The retractor of claim 7, wherein at least one of the first
and second retractor blades 1s configured to pivot in both a
caudal and cranial direction.

10. The retractor of claam 9, wherein the first and second
retractor blade are configured to pivot 1n both a caudal and
cranial direction.

11. The retractor of claim 1, wherein at least one of the
first and second retractor blades 1s capable of polyaxial
movement relative to the retractor body.

12. The retractor of claim 11, wherein each of the first and
second retractor blades comprises a generally arcuate cross
section.

13. The retractor of claim 1, wherein the first retractor
blade 1s attached to the first arm, and the second retractor
blade 1s attached to the second arm.

14. The retractor of claim 1, comprising a first bone
anchor connected to the first hoop and a second bone anchor
connected to the second hoop.
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15. The retractor of claim 1, wherein said retractor 1s
coniigured to advance to the surgical target site sequentially
or simultaneously.

16. The retractor of claim 1, wherein the body comprises
a rack connected to the first and second arms and configured
to slide the first arm and the second arm relative to one
another in the first direction.

17. The retractor of claim 16, wherein said rack includes:
a first elongated axial rack member having a first plurality of
teeth slidably engaged to the body; and a second elongated
axial rack member having a second plurality of teeth slid-
ably engaged to the body.

18. The retractor of claim 17, wherein the first elongated
axial rack member 1s connected to the first arm.

19. The retractor of claim 17, wherein the second elon-
gated axial rack member 1s connected to the second arm.

20. The retractor of claim 1, wherein the body comprises
a first toggle to lock and unlock the ability of the first arm
and the second arm to move 1n the first direction relative to
one another.

21. The retractor of claim 1, wherein:

the first hoop in the unlocked position has an unlocked

width allowing passage of the bone anchor head;

the first hoop 1n the locked position has a locked width

disallowing passage of the bone anchor head;

the second hoop 1n the unlocked position has an unlocked

width allowing passage of the bone anchor head; and
the second hoop 1n the locked position has a locked width
disallowing passage of the bone anchor head.
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